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Introduction

Beginning in the mid-1990s. Congress has provided substantial inercases in
appropriations for research and management actions for North Allantic right whales.
I'hese increases have enabled the National Marine Fisheries Service (NMFS) o develop
and implement an ambitious right whale program. Although much wark remains Lo
recover the alarmingly small North Atlantic righl whale population, produets enhaneing
the recovery program arc cmerging from commitment to a sizable, long-term program.

This booklet is a compilation of papers, coniract reports, prosress reports, and conferernce
and symposium abstracts arising in the last three vears from the NMTS rieht whale
program. lhey are the products of work conducted solely erther in-house or by NMFS
contractors. The conlenty of this booklet ave illustrative of recent work and are not
intended as a comprehensive overview ol the right whale program.

Several papers included here provide overviews of the status and precarious siluation of
right whales (e.g., Clapham et al. 1999: Perry et al. 2001: Silber and Clapham 2001 ) and
1dentity the tvpes of actions needed to recover the species, One paper on genetic analvsis
(Rosenbaum et al. 2000) provides new informaton on the ditferentiation of nght whale
species worldwide.

FErntanglement in fishing gear and collisions with ships are the main sources of human
induced seriows injury and death in right whales. In recent vears, NMTS has focused
mach effort on reducing rightl whale entanglement. In early 2002, NMFS published
regulations of Oshing operations that adversely efTect right whales (67 FR 1300 and 67
FR 1142, not provided in this compilation) that were the culmination of ongoing
meetings with the Atlantic Large Whale Take Reduction Team and research on gear
madifications to reduce the likelihood of entanglement. Key to the development of these
regulations was analysis by WMTES biologists on the geographic scope and whale density
thresholds for inggering emergency closures (Clapham and Pace 2001; Merrick et al.
2001). Equally important is ongoing monitoning of the relative success of these programs
through scarification analysis of individual whales (Knowlton et al, 2001). Also included
15 a0 sumimary of ongeing contracted work to remove fishing gear from entangled whales

i Maorin 2001 1 | abstract),

NMFS employs a number of ship strike reduction measures including aireraft surveys

that provide right whale sighting location information to mariners, and the Mandatory
Ship Reporting systems. A number of papers (e.g., Cole et al. 2001 (abstract): MeLellan
et al. 2001: Mermick et al. 2001 (abstract), and numerous summaries from the October
2001 Right Whale Consortium meeting) deseribe the results of thousands of kilometers of
aircralt survevs for righl whales. Silber et al, (2001) and Ward et al. (2001) provide



summarics of ship traffic parterns in right whale habit denved from the Mandatory Ship
Reporting systems. NMFES has set out to identify further measures to reduce ship sirikes,
and a number of key papers 1n this collection contribute to that effort. A contracted study
by Russell (2001} provides an analysis of management options available [or reducing
ship strikes. Contractors Nowachek et al. (2001) assess ship sinke nsk Lictors by
providing new data on right whale diving behaviar using new tagging technology and
Pabst et al. (2001) deseribe results of a study on the feasibility using an infrared video
camera tor detecting right whales at sea.

A principal concern arising in recenl vears is low call production and reproductive
anomalies of North Atantie right whales (¢ 2. four calves horn in 1999; one calf in 2000;
and 31 in 2001). Recognizing this concern, NMES has supported research on indices of
individual health and reproductive potential. These studies include assessing stress in
right whales (Southern and Dizon 2001: Southern et al. 2001 ), fecal hormone levels
(Rolland et al. 20013, blubber thickness (Miller et al. 2001 ), and quanutative
photographic measuremend of the “condition™ of individuals (Perryman, et al, 2001). In
addition, in conjunction with the International Whaling Commission, NMTES convened a
workshop on reproductive rescarch on right whales (Clapham 2001), Recommendations
from this workshop will form the basis for research in Lhis area [or the coming years.

Chgoing support of right whale sighting and photographic identification dala bascs
continue to vield periodic summaries of right whale occurrence and information about the
population’s abundance, trends, and demographics (e.g.. Hamilton el al. 2001; Hamilton
2001; and Kenney 2001). NMFS support of satellite tagging studies have resulted in new
information on right whale movement and habilat usc relative to oceanographic
characteristics and human threats (e.g., Baumgeariner and Mate 2001; Mate 20011 A
MMTFS-convened workshop identified data nesded to assess habitat use and to develop
predictive models of right whale distribution relative to oceanographic [catures (Clapham
1999) — maodels that can ultimately be used 1o reduce negative inleractions with the
shipping and fishing industries.

Recovery of the North Atlantic right whale population requires carefully considered
action to reduce the level of threats from human activities. Decisions on mitigation
measures are based on good science. Rescarch results emerging from the right whale
program is responding to these needs by continuing and improving (hreal reduction
measures already in place, (racking the relative success of these programs. and
developing new threat reduction measures, while also conducting basice biological studies,
and monitoring trends in the population.

Office of Protected Resources
National Merine Fivheries Service
February 2002
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Tab 1.
Results from NMFES-Contracted Studies

’ Collection of Progress and Contract Report Abstracts and Summaries

" Contract Study Papers and Progress Reports, including:

Knowlton, AR., MK, Marx, HM. Pettis, P.K. Hamilton, and 8.1, Kraus. 2001,
Scarification analysis of North Allantic right whales (Eubalacna glacialis):
monitoring rates of entanglement inleraction. Report on yoar one
activities to National Marine Fisherics Service, Conlract 43EANFO30107.
16 pp.

McLellan, WA, K.M. Lafler, G. Jones, K. Hardcastle, D.A. Pabst, 2001, Winter
right whale surveys from Savannih, Georgia to Chesapeake Bay, Virginia,
Fehruary-March 2001, Contract Rept. #40WCNT1A0249 submitted to
National Marine Fisheries Service, Southeast Fisheries Science Cenler. 36

PP

Nowacelk, D.P.. M.P. Johnson, P.L. Tyack, K.A, Shorter, W.A. McLellan, and
D.A. Pabst, 2001, Buoyant balacnids: the ups and downs of buoyancy m
right whales, Proc. Royal Society, London. 268: 1811-1816,

Rolland, R.M., K.E. Hunt, $.K. Wasser, TM. O'TTara, 5.D. Kraus. 2001, Use of
fecal hormone metabolite analysis to study reproductive dysfunclion and

stress in the western Morth Atlantic right whale. Progress repart, 17
December 2001,

Russell, B.A. 2001, Recommended measures to reduce ship strikes of Notth
Atlantic right whales, Contract Report submitted lo National Marine
Tisheries Service, via the Nottheast and Southeas| Implementation Teams
for the Recovery of North Atlantic Right Whales. 29 pp.
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2 Natural Resources DNA Profiling And Forensic Centre, Biology Department, Trent University,
1600 Bast Bank Drive, Pelerborough, ON K9 7138

3 Center For Coastal amdics, 'O Box 1036, Provincetown, MA 02657
Maovember 26, 2001
ABSTHACT

I'his repart describes work conducted on the genetic profiling of western North Atlantic right whales (Eubalaena
glrcindiy) from 2465 eprember- 2000 1o 25-September-2001. During this funding period, 21 new microsatellie loci
were charactenized [or righl whales, Qut of these 21 new loci, T are polymarphic in North Atlantic night whales
and 15 are polymorphic in Svuthemn right whales. Tn addition, eight microsatellites isolated from other species wers
found to be polymarphic in right whales. These 24 new polymorphic microsarellite loci are being combined wilhy 16
lnc1 Ihat have previously been identilizd as being polymmorphic in right whales w oreats penstic proliles that conta
penotvpes at 40 microsatellite loci. Genetic profiles consisting of these 20 loci are cusrently being created for each
sample using multiplex reactions. Once optimized, these reactions will provide a method for rapid and efficient
penoiyping at 40 microsatellite loci for all right whale species. Primers designed for the amplification of the 21 new
rucrasatellite loei were alsa lested for amplification in six other cetacean species: eighteen of the 21 new laci
amplilfied in bowhead (Bolacna mysticems); 14 amplified in humpback (Megaprera novoeanglioe); 14 amplified in
munke {Balaenopiera acwioresraral; five amplified in gray (Fsefirictivg robustus); seven amplified in belaga |
Dedphinapiersy lencas)s and 12 amplified in franciscana {Portoporia blainvilled). 1t should be noted that some of
theese loct that were not polymorphic in either North Atlantic or Southern right whale species have been found o be
pelvmarphic in franciscana, and therefore could be polymarphic inoa range ol alher species.

Preliminary analysis of right whale MHC class 1L DO~ and DR~ loci was perfonmed. 1n the 11 andividuals in which
the - region was investigated, nine different sequences with sinularity (o the DO~ exen 2 region of beluga were
idemtified. The deduced amino aeid mranslation of these sequences corresponds 10 amino acids 21 to 77 of human
2~ (274 individuals in which the DR~ region was examined, 10 nucleotide seguences with similarity to beluaa
LR~ exon 2 sequences were identified. These sequences produce mine different deduged amino acid sequences
corresponding 1o amino acids 26 1o 86 of humin DRE~, In both DO~ and DR~, the number of nonsynonyoous
mudations is significantly higher than the numbaor of svnonyvmous mutations. T hese results support the mainiesamaee
ol pulymorphism in the peptide binding region by natural sclection as seen in other MHC molecules. Phylopeneric
analysis of these two right whale MHC class Il sequences identified that the sequences of DI~ and DQ - arc
interspersed amonpst each other, sugecesting that the DO~ and DR~ molecules may have adapted to scrve similar
[unctions or to bind similar antipens.

Nong af the prmer pairs desipned w amplify Y-chromosome microsatellites in cattle amplilied microsatelfies on
right whale Y-chromosomes. However, two primer pawrs were designed 10 separately amphify 800 bp of the same
miron on the X- and Y-chromosomie, These primers are being used to screcn this tntron en the sex chromosomes Tor
sequence variaten. 1f variation is feund in this region, primers will be designed to amplify a shorler region
lfill'=|'r|:T1ir'|§-_! thee vamstion to allew for eMeient :-.urv::r.'ning of all 5;1m|:]-:=5 for Seguence varalion.



L. NEW ANIMALS

Calves arc only made into new animals and assigned a catalog number if they are sighled with their mother in the
narthern feeding grounds and are photographed well enough 1o be subsequently matched. A “new® non-calf whale 1:
"created” (Le. given a numberand clascified within the catalog) when enougth pood guality photographs exist for it
to be matched o subsequent sighlings and when no matches with existing cataloged animals Gan be lowad,
Sometimes it talces several years to callect enough phoelographs of an individual belore it can be classified as a new
anamial. Since our last report, 11 new whales were crealed (some of these were created in 2001 ).

IV. PRESUMED DEAD AND RESURRECTED ANTMALS

Aoy animal in the catalog that is not sighted during five conscoutive years becomes classified as "presumed dead” at
thez end of the sixlh year of no sightings. Although a whale hecomes presumed dead in a given year, it dees nol mean
that the whale actually died in that year. Therelore a whale that is classified as presumed dead in 1998 may have
ched at any fume durmg the previous tive yeas.

Mot every whale classified as presumed dead is acmally dead. Thus far, a total of 28 animals (between 1986 and
20000} with sightings gaps longer than six or more wears have been resighted and therefore reclassified as alive (1o, *
resurrected”). [n 2000, nine animals were classified as presumed dead and Gve animals were resurrected.

V. FENTANGLEMENTS AND LIFE THREATENING WOLINDS

Pruring 2000, seven animals were vonliomed to be entangled, two animals were possibly entangled and two anunals
were photographed with severe wounds, probably from ship strikes. Details of cach incident are described below. It
is noteworthy that four of the seven conlinmed entanglemenls and both of the unconfizmed eutanglements were
documented from the atr.

Vi. MORTALITIES

CUnly one documented mortality occurred in 20000 amd is deseribed under the entanplement secoon above, Canse alf
death was not determined.

VI PHOTO CONTRIBUTIONS

Phates from 12 different organizaions o individuals thal contibuted photographs in 2000 or submitied phatos
taken in previous yvears have been processed and integrated wato the catalog database. The total number of
photopraphed sighrings prosezsed in 2000 wag 2 660,



MAINTENANCE OF THE NORTH ATLANTIC RIGHT WHALE. CATALOG
| JANUARY - 31 DECEMBER, 2000
NMES Contract No. 43EANES0102

Philip K. Hamilton, Amy R. Knowlton, Marilyn K. Mang, Heather M, Chichester,
Elizabketh P. Pike and Scoll D, Krus,
Edgerton Research Labhoratory, New England Aquarium, Central Wharf, Boston, MA 02110

May 2001
INTRODUCTION

The New England Aguarium’s right whale rescarch team is responsible for curating the right whale photo-
identification catalog, herein referred to as the “cataloe®. As curators, we receive photographs from numerous
rescarch eroups, whalewateh vessels and individuals from all parts of the North Atlantic Ocean, These photographs
are processed as soon as passible afier they arc received and integrated into the catalog datebase. The annual cataloy
reports describe changes to any of the malching and integrating processes and provides a sunmary of the total
catalop status as well as information on the data for the given vear. This report covers the 2000 time period. This
progress report has seven seclions: 1) Catalog Overview, 2) Computerized Database Summury, 3) New Animals, 4)
Presumied Dead and Resurrected, 5) Entanglement and Life Threatening Wounds, 6) Mortality, and V) Photographic
Contrihutars. The fisst section, Catalog Overview, is inlended o provide an overview of both the photo-id catatog es
g whole gnd the given year's dals in Fﬂit:'l:ul.ﬂr

I. CATALOG OVERVIEW - DATA COLLECTED THROLUGH DECEMBER 2000
(excluding Decernber 2000 data feom southeast 115, Catalag version February 21, 2001)

A. Total Cataleg

21.889 otal phomgraphed sightings

19,709 maiched sighiings

380 wunalchabile sightings

1.800 unmatehed sightings (a portion of these sightings may be deermed ummatchable)

409 right whales in the catalog

200 presumed living in 2000
228 aclults
44 juveniles (hetween ages of 0 (o ¥ years and never calved)
7 unkoown age

135 male
121 female
43 unknown sex

|18 presumed and known deaths through 2000
06 presumed dewd (ie, nol seen w over 5ix vears +14 known dead (docs not
tielude moatalitics not matched to catalog)

Presumied dead Known dead
- 28 male - B mnale
- A% emale - 8 Female

- A5 anknown Sex

1. COMPUTERIZED DATARASE STATUS

All ol the survey data From January 1 to November 30, 20060 hawve heen entered, proofed and corrected in the TR
format. These computer dam and copies of all the hard copy data have been senl to URL



MAINTENANCE, ARCHIVAL, AND ANALYSIS OF WESTERN NORTH ATLANTIC
RIGHT WHALE DATA (URI GRANT NUMREIR 5-31618).
COOPERATIVE AGREEMENT NA-87-FE-0523

Robert Eenney, Deineipal Investigator, URIGSO
31 October 2001

As a caompanen!t of the Consortium research project, a centralized computer database was developed at Universicy of
Ehode Island/ Graduate Schoo! of Oceanopraply (URI/GSQ), with the data-manasement system design reviewed
and approved by NEFSC. The ariginal core of the database way comprised of the datn resulting from the Ceracean
and Turtle Assessment Program (CETAD, 1982), a shelfewide survey propram [rom Cape Hatteras to Mova Scolia
conducted by URIGSO from late 1978 to carly 1982, with funding from the 11,5, Dept, of the Interdar, Burean of
Land Management, The original database also included a variety of historical sighting data which had been
assembled during the CETAY study, Al of the data generated by Consortium ressarchers, as well as any other
wvailable data which could be obtained, have heen continuously incomporated into the archived datshase, This
datahase, which will be referred us gy the "Consartium database” in the remainder of this repait For sanplicily and
clarity, very likely represents the best long-term record of cetacean sighting information, particwlarly for righ
whales, far uny comparable area of the world, The database has proven to be an txlremnely valvable scientific and
nnzgement resource for the Consortium, NEFSC, and a large number of ather cooperating investigators and
OTEanizahions,

An additional component of the Consortium progeam from the baginnuse was the [nnalization of pratocals fisr
centralizing the analysis, curation, and erchival of photographs of individually recognizable right whales. This
phowidentification ("phatolD") catalog is maintained ar NEA , while copics of a summary catalog database restde a
both NEA anel URVGSO. The two databases are periedically erass-referenced, so photolld records in the catalos
datubuse can be related fo survey and sighting records in the Consortium database,

The principal Consortium database is archived as a single SAS (Statistical Aualysis System) file on the computed
system at the URIGS0 masine mamumial lab on the Narragansett Bay Campus. That database rermains essentially the
samy version submitted to NEFSC in October 1904 {thaugh incorporating a few comections) — including 248 520
vivids decupying 142 megabytes of disk space, with 112,345 siphtings ol all specics, including 13,575 sightings of
rizht whales between 1762 and 1998 (detailed listings were ineluded in the tables Kenney, 1999), The daabase 15
immiediately sccessible by SAS programs for any desired analysis o query. There is a sccond copy ol e Eatabase,
stared 83 a compressed (*zipped”) file (b conserve space, o the same computer. There are alse multple backup
copies on 100-MB Zip® disks, stored i two different boildings on the Bay Campos and at onc off-site location (in
addition s the copy previmasly submitted w NETSC),

Al the present tine, there are [,782 additional files (a file is typically one dav of acrial swvey, one day ol *day op”
shipboard survey, one entire multi day shiphoard survey, ora elated collsction of cppoertunisiic Srehitings) dl some
slage of processing, lotaling another 144 megabytes. Thase include:
~ 1,345 files wihuch have been campleted throngh all stages of data entry and quality-contiol and are ready 1o
be wdded to the arclive. A laree praponian of these have been carmbined into a few large files in the exac)
same [armat as the owin Consortium databace archive This 15 a tetaparinry stluabon to zllow For enuch casia
access 10 the data for analysis or any other parpose befare the daa are fmmally added to the archive., 1t is 5o
much sampler to write o program accessing a lew (fles, rather than needing 10 individually speeifv over @
thowsand separate files.
~ |38 files wlich are in some stage of processing. These include data files i progress, &3 well as thoss which
are pearly compleded bul awsiting corrections o resgumses 1o queries from the sithmmiting areanizalions
All of thess other fles are hacked 1p in at least one place, There are alw some numbar of additional dara files whizh
have been received but wheee processing has not been slarted,

Excluding files which have niot been staned vel, the combined database includes 221,413 siphrings of St feren
specied or calepoties of whales, dolpluas, porpoises, seals, manatees, sea tuntles, larecs Ashes, o ather Specics
tomlmg 15348 639 individuals, Within this weal there gre 20280 sightings of vight whales, totalug 33,50
madividuals,



PROJECT UPDATE
DECEMBER 17, 2001

USE OF FECAL STEROID HORMONE METABOLITE ANALYSIS TO STUDY
REPRODUCTIVE DYSFUNCTION AND STRESS IN THE WESTERN NORTH
ATLANTIC RIGHT WHALE

R.M. Rollandl; K.E. HuntZ:5.K, Wasser2; T.M. O"Hara?: §.D. Kraus!

1. Conservation Department (Rolland) and Edperton Research Laboratory (Kraus), New England
Aquarium, Baston, MA, US4

2. Department of Zoology, University of Washington, Seattle, WA, LISA

3. Department of Wildlife Management, North Slope Borough, Barrow, AK, USA

Introduction

The western North Atlantic right whale (Eubalaena glacialis) is the most endangered of
the large whales despite aver 65 years of protection from commercial whaling, One of the
factors impacting recovery of the North Atlantic right whale (NARW) population is a
significant decline in successful reproduction over the last decade. The reasons for thig
reproductive dysfunction are unknown, but factors that may be contributing include:
gemelics, environmental contaminants/endoctine disruptors, marine hiotoxing, nutritional
stress and infectious diseases. Given diminished calf production, increased calving
intervals, and the high incidenee of non-calving females in NARW, it is critical to
determine the reproductive status of these whales. Studying reproduction in NARW has
been problematic because no technigues are available to collect blood samples from
large, free-ranging whales, and because stranded animals are so decomposed that the
tissues are useless for analysis, Over the past two years we have validated
radioimmunoassay techniques to measure metabolites of reproductive and adrenal
steroid hormones (“stress” hormones) in right whale feces. This technique has been
previously applied to study reproductive status and stress levels in a wide range of
terrestrial gpecies, but has never before heen developed for use in frec-ranging whales.
The level of a hormone metabolite in the feces reflects an average value for the secretion
pattern of the parent hormone over the previous day. This technique is @ means 1o
directly look at reproductive function and status at both the individual and population
level.

The ohjectives of this study are to: 1) validate radioimmunoassay techniques to measure
the metabolites of total estrogens, androgens, progestins and glucocorticoids in NARW
fecal samples; 2) validate the same hormone assays for fecal and serum samples from
western arclic bowhead whales (Balaena mysticetus) to develop this as a reference
population for reproduction studies in right whales; and, 3) use reproductive hormone
metabolite analysis to investigate reproductive dysfunction in NARW, and utilize
glucocorticoid hormone metabolite analysis as a tool to study stress in NARW and its
relationship to reproductive function and environmental stressors.



NARW Methods and Validation Studies

From 1999-2001 62 fecal samples were collected from right whales feeding in the Bay of
Fundy in coordination with photo-identification studies of the population. Samples have
been collected from a cross section of the population including adult males and females,
calves and lactating mothers. At least 50% of the samples can be linked to an identifiable
whale, allowing correlation of hormone results with information on age, sex, genetic and
reproductive history from data in the North Atlantic Right Whale Catalogue. We are
currently identifying or verifying the sex of samples from unknown whales (i.e. not
photo-identi fied) using fecal DNA gender analysis. Samples were fresze-dried, sifted
and steroids were extracted using 90% methanol. Steroid hormone metabolites can be
measured in feces using antibodies to the parent hormone, which cross-react with the
parent hormone in most cases. The progesterone and testosterone assays are 3-H
radicimmunoassays using separation by dextran-coated charcoal and counted n a
Beckmian 650 liquid scintillation counter. The total-estrogens and glucocorticoid assays
are 125-1 radioimmunoassay kits from ICN Biomedicals, Inc., with separation by second
antibody, and are counted in a Packard Crystal gamma counter.

Validation studies for NARW have been completed for total estrogens, progestins,
androgens and glucocorticoids consisting of parallelism studies and accuracy studies for
each hormone. The results of these studies have shown that serial dilutions of NARW
facal samples demonstrated excellent parallelism with serial dilutions of 17b-estradiol,
progesierone and testosterone. Thig indicates that recognizable steroid hormone
metabolites can be accurately identified by these assays. The assay for glucocorticoids
(adrenal stress hormones) is also accurate and functional in NARW,

Analyses of hormone levels for samples collected in 2001 arc underway. (See page 3 of
this document for preliminary findings from hormone assays)

Bowhead Whales as a Reference Population
In a parallel comparative study we are analyzing the same hormones in blood and feces

colleeted from the Bering-Chukchi-Beaufort Sea stock of bowhead whales during the
spring and fall Alaskan Eskimo (Inuit) hunts, Bowheads are being used as a reference
population for the right whale studies because of their close taxonomic relationship with
right whales, the population is growing and reproductively healthy, and fresh tissue and
fecal samples can be collected during the hunt. Additionally, the results of the hormone
analyses can be correlated with the reproductive condition of the whale through direct
examination of the reproductive tracts, providing important ground-truthing for the
relationship between fecal hormone levels and reproductive status.

Since 2000 we have collected fecal and serum samples from 36 bowhead whales of
known sex and reproductive condition. Through measuring the steroids in serum n
tandem with fecal levels, fecal hormones can be related to circulating hormones.
Because of species differences in hormone metabolism, the same 4 hormone
radioimmunoassays are currently being validated for use in bowhead whale serum and
feces. Preliminary results are promising for the bowhead assays as well. Interestin ely,



while fecal testosterone is measurable in bowheads, our assays are unable L0 measure
tcstosterone in bowhead serum from mature males. We are currently examining two
possible explanations for this finding: 1) another type of testosterone antibody is needed
to detect serum androgens in bowheads (i.e. another form of the hormone is present in
blood), or 2) serum androgens in bowheads are actually below detection limits during the
sampling time period. The latter explanation is consistent with the finding by other
researchers that leydig cells (that synthesize and secrete testosterone) are not visible on
histological section of bowhead testes collected during the spring and fall hunts.

Preliminary Findings and Future Studies
Although analyses are not yet complete for all samples, preliminary results sugges

several important findings:
|, fecal progesterone levels appear to accurately detect pregnancy in both night and

bowhead whales, This is based upon extremely elevated progesterone in a right

whale samples in 2000 who was subsequently sited with a calf in the winter of

2001, Similar elevations in fecal progesterone were found in a bowhead whale

that contained a 60 cm Fetus. Progesterone levels in these whales were elevated

several orders of magnitude above those of non-pregnant females in both cases.
testosterone levels in NARW are extremely variable with some males having
extremely high levels. NARW testosterone levels are much higher than that seen
in bowheads, Whether the extreme variation in testosterone in NARW is related
to reproductive activity/success or to the age of the individual is a question that
will be examined with further data.

1. the fecal glucocorticoid assay is useful for identifying whales experiencing high
levels of physiological stress. A fecal sample from a chronically entangled and
debilitated right whale (Churehill) had a fecal stress hormone level of 178 ng/g
compared to a mean level of 47ng/g in 25 other right whales.

o |

Contimued sampling of the population of NARW will provide data to further ¢lucidate
relationships between steroid hormone levels and reproductive status. Known pregnancy
is critical to determining calving success, as the proportion of females with observed
calves as compared to pregnancy status will indicate the success or failure of specific
phases of the reproductive cycle. By knowing pregnancy status we will be able to
determine late fetal and carly nconatal losses (e.g. abortions, stillbirths) that otherwise
goes undetected.  With continued sampling of a cross-section of the population, we will
be able to look for hormonal differences between reproductively active and inactive
animals. Of particular interest is the segment of the mature females (20%) that have
never calved despite reaching the age of sexual maturity. Likewise, we need to examine
further the extreme variation in testosterone levels seen in NARW to see ifit hasa
relationship to successful reproduction. The glucocorticoid assay provides a new tool
with which to study stress in right and bowhead whales, including its relationship with
reproductive condition and the effects of environmental factors. The comparative
bowhead study will provide baseline data with which to comparalively assess the
relationship between fecal hormone levels and reproductive condition in a large baleen
whale that can serve as a model for studies of reproductive dysfunction in the North



Atlantic nght whale.

Further investigaiion and continued sampling is required to:
1)Determine predictive capabilities of the assays.
2)Investigate pregnancy rates in both NARW and free-swimming bowheads
3)Evaluate utility of the assays to determine age of sexual maturity (which seems
to increasing in right whales).
4)Compare hormone levels in reproductively successful vs. unsuccessful males
and females.
5)Evaluate the relationship between elevated glucocorticoids (stress levels) and
reproductive status.
6)Evaluate the utility of the glucocorticoid assays to study stress in NARW in
relationship to environmental factors such as shipping activity.
6yDetermine sex of unidentified NARW samples using fecal DNA.

Supported by: NOAA/NMFES P.O. #0AANF904357: NOAA/NMFS
Contract#50-EANF-0-00047: New England Consortium/UNH Grant # 02-357.



Quarterly Progress Report: 2 October 2000
Infrared Thermography: A Potential Detection Tool for Right Whales

Contractors: D. Ann Pabst and William A. Mel ¢llin
Bioclogical Sciences and Center for Marine Science
Universily of North Carolina at Wilmington
601 5. Collepe Rd.
Wilmington, NC 28403

Specific Contract Goal addressed in Report; Acquire and ficld test (he
EmergeVision’s DTIS 500 infrared thermography camera either from shore or hoat 1o
assess estimated detection ranges and estimated (qualitative) probability of detecting a
marine mammal at the surface in various conditions. Although not required, ficld tests
and assessments may include trials involving right whales in the Bay of Fundy during
SUIMATTIEL.

Background

The northern right whale (Ewbalaena glacialis) is the most hi ehly endangered
large whale species in the world. Right whales spend much of their time at the surfuce,
are slow swimmers, and occur in waters of high shipping activity, Human-induced
martality includes incidents of ship-strike and is likely contributing to the lack of
recovery of the North Atlantic right whale population. Technology that can be used to
increase a ship’s ability to detect and avoid right whales should he investiguted. Infrared
thermography. a completely non-invasive imaging tool, may be such a technology. Such
technology is nol likely to cormnpletely eliminate ship strikes, but any measure thal
reduces lhe warrants exploring further.

Croal: To invesugate the possibility ol using imfrared thermography as a detection tool
lor the northem right whale, We will also detérmine whether inlrured thermography can
be used as a diagnostic tool to identify the status of skin lesions found on the bodies of
many right whalcs,

Progress to Date:

In July-August 2000, our lab traveled to Grand Manan, Canzdy, (0 (el [he
ellicacy of using infrarcd thermography as a detection tool for the endangered northem
right whale. The walers of the Bay of Fundy are relatively cold (10-1590), and, thus,
presented the “worst-case scenerio” for detection. Thal is, in cold water, right whales are
apt to be conserving body heat, and, thus, maintaining surface temperatures that are near
that of the surrounding water, 1T we could imawge right whaleas in north Atlantic walers,
our goal was 1o determine the distances pver which such detection was passible, and the
conditions required (or that detection.

Because we did not wish 1o add another platform for investioating right whales in
the Bay of Fundy, we “pigsy-backed™ this work onto on-going, permitted efforts 1o
investigate how right whiales respond to various sound signals. This research is carried
out by Dr. Doug Nowacel, and is permilted under Scientific Permit No. 1012, 1o Scott



Kraus, New England Aquariuwm, Thus, we carried out all but one of our thermal imaging
trips from the same platform as Dr. Nowacek's sound studics, On 5 August, we also
boarded the Song of the Whale, but only sighted a single nght from a distance tarther than
would permit high-quality imaging,

This ficldwork indicated that infrared thermography was 2 uselul ton] in detecting
right whales, We were able o image nght whale blows at a distance of at least 200
meters, allthough the design of the ITTS 500 limited the useful range of detection to
approximately 100 meters. The study also offered the first data on the surface
temperatures that right whales could display: surface temperatures of whales ranged from

0.5 °C cooler, to almost 4 °C warmer, than surrounding walers.

Field days and general research design

We cammied oul our thermal studies on five davs between July 29 through 14
August, On each of these five days we were close enough o capturc thermal images of
right whales {generally at or closer than 100 m). We estimate thal we captured images of
19 right whales, 7 fin whales, and 1 humpback whale. These images will be officially
reported as photographic takes under the Permit Report for Permit No. 1012, after the
slaff at the NEA has had the opportunity to look at all of our standard 35 mm slides and
to offer individual TDs.

Our goal was to capture simultancous thermal images, standard 35 mm images (to
ensure that we could identify individuals, whenever possible). and continuous
video-recording of thermal imaging for each sighting. The EmergVision DTIS 300
infrared camera was, thus, mounted next to a digital-video camera on a menopod, which
provided a relatively stable platform for filming. Twao independent Nikon SLE cameras
were used to capture the 35 mm photographs. For each sighting, we collected time of
encounter, precise geographic location, and estimated number of individuals; for most
sightings we also collected environmental temperature data.

Our tirst thermal 1mages were collected on 29 July. On thuis occasion, we sighted
one whale that had surfaced after dive of unknown duration (Slide 1), This animal’s back

and fluke lemperatures were (0.5-1.00C cooler than the surounding waler temperature.
Although we were nitially surprised by this result, we hypothesized that the whale’s cool
surface lemperature was a result of the animal’s prior cxposure to relatively calier,
deeper waters.

Our most successful sighting day was on 1 August, as we encountered two
surface-active groups that alferded us the opportunity to image multiple individuals
(Slides 2-9). In contrast to the lone, surfacing whale encountered on 29 Tuly, the whales
in surface-aclive croups displayed surface temperatures that were [-3.5 ®C wirmer than
surrounding waters, Blows were also easily ohservadl

While the still images ofTered us gquantitative thermal darta, the video sequences
permitted more instantanecus visual recognition of the presence of whales. The dynane
moverment of whales at the water's surface was casily discermible. T'he blows were also
highly visible markers o [ whale presence. The dynamic aspects of animal movement and
hlows elearly added ro the detection potential of the infrared s1gnal.

Limitations of the DTS 500 svstermn and our research platform




The DT15 500 is designed as o veterinary diagnostic tool, and, thus, is equipped
with a 50 mrn lens wilh a limited range and narrow focal plane. Thus, we were only able
lo capture useful surface images of whales that were within 100 meters of the research
vessel. To be an effective detection tool, an infrared camera system would have Lo be
equipped with a much longer lens. The DTIS 500 is also not fully ruggedized for the
concitions we experienced in the Bay of Fundy. Thus, we were only able to image
whales under relatively culm conditions. Any camera that would be uscful for whale
detection would have to be lully ruggedized and gimbled, to provide a stable platform.

Our rescarch vessel provided a low, stable platform for filming. ‘There wus nol,
though, any opportunity to place the camera at a level above that ol the waler's surfzec,
We attempted to test the camera from an elevated position, by boarding the Soue of the
Whale 1o use lheir whale observation deck. Although we were unable to approach a
whale closely enough for the DTIS 500, we believe that an elevated platform would
enhance whale detection,

SUmmary

The leld-tnals of the DTIS 500 demonstrated clearly thal right whales, even in
the cold watcrs of the Bay of Fundy, could be visualized using infrared thermography.
Our results also indicate that whale temperature is dependent upon behavior.
Quantitative analyses of the thermal images suggest that single whales, which are
surfacing afler a dive, will be very similur in lemperature to the surrounding waters, and

perhaps, even cooler than these waters by (1.5-1.0 2C. Contrarily, whales in
surface-active groups are generally 2-3.2 C warmer than surrounding: water. The blows

ol whales will be 1,8-3.2 °C warmer than surrounding water,

The conlinuous video-record of the output of the DTIS 300 infrared camera also
strongly suggests that the dynamic aspects of the infrared signal are useful in whale
detection, Disturbance of the water's surface, emerging whale surtoces, and dynanie
featres of the blows are easily detected during visual scanning of the video-record.

Our results, although preliminary, suggest that infrared thermography can be a
useful toal for detection of right whales, We believe that useful next steps in the process
of testing the elTicacy of mirred thermography would include (1) testing a longer-range
lens, (2) continuing contacting other manulacturers o inlrered themographic cameras,
and (3} teaming with engmeers who work with either infrared thermography systems,
surveillance systems and/or antomated signal-processing syslems, (o determine how to
maximize the detection polential of infrared sensing systems.
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Introduction

Scarring analyses of nght whales was initiated in 1990 to assess the level of
human-caused scar Lypes on an annual basis, The most critical aspect of this project was
to assess the frequency and rate of entanglement scarring, Tdeally these data can also be
used to monitor the Muture effectiveness of fishing gear modifications and arca closures.
In the previous contract, each mdividual animals’ pholographed sizhlings were coded
through 1995, The methods and findings were summarized by Hamilton et al. in a 1998
report to NMFES. In short, the authors reported that 61.6% of all whales had been
entangled at least once and that entanglement rates appeared to be increasing. Howewver,

thev also gtressed the difficulty in aceurately correeting for efTort,

Linder the new contract, the goal is (o update the coding of all individuals for 19946

through 2000, to reanalyze the levels of entanglement scarming using Hamillon el al s
methods. and to develop potential new methods for monitoring entanglement scarring
rates which better mildress the 1ssue of effort. The status of this project and preliminary

findings are provided below,
Methods and Results

The scar coding process involves reviewing all available photographs of an individual
right whale and assessing the type and placement of all scars. For coding, the body has
been divided into 21 sections — [ive seclions on the head, lwo on the dorsal body, and 14
on the dorsal and ventral tail (sce Figure 1), For each season and habitat arca within cach
vear that an individual was sighted, each body section is assessed and coded. 11 2

particu lar section of the body was not seen il is labeled as *X°. The types of scars that
arc coded for include entanglement, ship strike, circles, dots, fungus (skin lesions), rake
marks (scars near the blowholes), blisters, orca, satellite/radio tags and scars of unknown
arigin, The Grst time that a scar is detected, it is noted with an asterisk in that given
habitat/season/yvear. The scarring data is entered into an Microseft Access database with &

record for each habitat/scason/ycar an animal is sighted, The record includes the time



frame during which the animal was seen in the particular ares anc scar coding for each
hody part photographed in that habitat/season/year. The database can be queried by
animal number, month/year, habitat area, or scar type and linked 1o existing tables for age
and sex. Although scar coding is done for all scar types, the primary focus of the previous

report was on entanglement and ship strike scars.

As of August of 2001, the coding through 2000 has been completed for 219 of 411
animals representing 53% of individuals, The remaining coding will be conducted

through the fall and should be completed by December of 2001

The analyses oullined by Hamilton et al. in the 1998 repart will be applied 1o the updated
scarring data once all of the cading and eniry has been completed. Two additional
preliminary analyses are presented here for consideration as additional means to monitor

enlanglement rates.

For the first analysis, the time frame within which cach new entanglement event oceurred
was determined and plotted. The plot shows, for each year, the (olial number of
entanglements that were lirst documented in the given year and the breakdown of time
frames during which those entanglements occurred. The time frames chosen were 1)
within same ealendar year; 2) within previous calendar year; 3) withun previous two

viears, 4) within three or more years; and 5) anknown time frame.

For the second analysis, the data were quernied to find all ammals sighled in both years of
specified consecutive two year periods. The scar coding was examined lo determine
whether an amimal was adequately photographed in both years and to assess whether ar
nol it had become entangled in that time frame. For an animal to he considered
adeguately photographed, photographs of the dorsal peduncle and/or the Muke insertion
areas must have been taken in both yvears to allow for comparison between years, This
area of the tail was chosen because the previous report (Hamilton et al, 1998) showed
that the peduncle and fluke insertions arc body areas where the majority of entunglement
scars have been deteeted. [C an entanglement scar delected on another part of the body 111

the later year was delenmined 1o have not been there in Lhe previous year, those data were



included. The number of animals entangled in year two that were not entangled in year
one was determined and divided by the tolal number of animals with adequate
photographs for both years to obtain a percentage of the adequately photographed

animils entangled in the given two year period,
Results

Figure 2 displays the annual tally and timeframe of occurrence of first documented
entanglement events for the 219 animals coded for the entire period 1980 - 2000. The
high number of tolal events evident th roughout the 1980°s is primarily related to the
first-time sightings of individual animals already wilh entanglement scars. These
sighlings do not allow for a ime frame of entanglement Lo be determined. The lower
frequency of unknown Lime frame events in the 1990°s and 2000 indicates repeated
sightings ol individuals for which a time frame ol the entangling event can he
determined, The higher number of known time frame entansling events detected in the

1990"s 15 primarily due to increased effor! and distribution shifts.

Figure 3 displays for each year the total number of animals seen in both vears of
cansecutive year mlervals, the number of ammals adequately photographed in both vears,
and the number of animals entimgled either within the sccond year or between the first
and second vear. All data were used for this plot, thus 1995/1996 through 19992000 only
reflect analysis of 33% of the individuals as noted by the asterisks [or those bars. Thus
[ar, the highest number of entanglement events which oceurred within a two-year lime
[rame occurred in 1993/1994 with 12 documented, 1999/2000 is sccond highest lime
frame with 10 entanglements documented. Onee all individuals are coded through 2000,
these annual tallies for the past six years will likely increase. Once the remaining animals

are coded and enlered, this graph will be updated.

Table 1 includes the data used for Figure 3 and describes the percentagzes of adequately
photographed ammals seen in two consecutive years bearing new entanglement scars by
the lalter wear. The percentage of the adequately photographed animals which became

entangled ranged from O to 50%. The highest percentage (30%) was docamented in



1982/1983 however the early 1980"s had limited numbers of animals that were séen in
both years and adequately photographed. By 1984/1985, the number of adequately
nhotographed animals increased from around 10 animals 1o abowt 20 animals or more for
that time frame and subsequent years. The entanglement rales ranged from 1 to 28%

during those yeurs.

Table 1 — Annual rate of entanglement

Years Total seenin | Total adequately | Number of Yo of adeq.
both years photo’d new Phato'd
both yeurs enlanglements | Animals

1980/1981 38 2 0 {)

1981/1982 o g | 11

LOBETO83 | R B & 5()

1983/] 984 42 L1 I )
1984/1085 57 B 4 22 =
1985/1 986 64 149 2 11

1 986/1987 102 22 3 14
1987/1988 | | 122 22 3 14
1988/1980 | | 158 7 23

1989/1 390 119 29 8 2B

| G941 991 95 24 4 20
1991/1992 | |84 24} 5 25 =
1992/1993 44 27 ! 26 L
1 993/] 544 153 4¥ 12 23

1 994/1 9595 175 73 9 12

1995/1 D96 90 33 4] |8
1996/1997* | | 89 39 4 1)
LO997/1908* | | 79 40 4 14
1998/1909% | | 65 29 4 L4
1999/2000* 74 41 101 24

* Years not fully analyzed.



DISCUSSION

T'his report presents two additional techniques for monitoring annual entanglement
events. Combined with Harnilton et al’s (1998) previously described technigues, thesc
data may be able to provide insighis as Lo whether proposed sear restrictions will be
cffective al reducing the frequency of entanglement events once the restrictions are
implemented. The coding process on which these data are based does nol, however,
reflect the severily of any entanglement, Thus the effeclivencss of gear modifications that
aim to reduce the severity of an entangling evenl, as opposed {o reducing the chance of
interaction, cannot be assessed by this project. However, NIEAqg and NMFS do keep track
of animials seen carrying fishing vear and thewr fate, which will be important in

determining the severity of specific types of entanglements.

These two new analyses show us some interesting findings. In Figure 2, the data mdicale
that in recent years, we have been able to detect the time frame of most entanglements
und observe that many entanglements are being detected within the two year or less (ime
frame. Detecling these entanglements within a shorter time frame suggests that with
continued photographic menitoring we can provide a tmely assessment ol enlanglement

frequency.

Figure 3 clearly illustrates that tlere was an increase in the number of animals
photographed 1n consecutive two year periods through the 1980s but a reduction in the
early 1990°s {note that 1995 through 2000 rellect only 53% of the (oial ammals coded a
this time}. Onee all of the animals are coded, the 1995-2000 year periods will likely have
high levels of animals photographed in both years. This is due 10 a shili of animals into
the Bay of Fundy in the mid 990"y ane incressed surveillance by NMES and others

throughout the Gulfl of Maine beginning in the latter part of the 19907s.

From 1980-1983, there were few animals adequalely photographed m boih years o
provide enough information on entanglement levels. From 1984-2000, the percentage of
adequately photographed amimals entangled cach vear is quite hieh, ranging from 10 1

28% annoally. Interestingly, these percentages are similar to those found by Robbins and



Mattila (2000) for entanglement scarming of humpback whales. Using a similar technigue,
they found an annual rate of entanglement ranging from 10 to 31% between 1997 and
19949,

The subset of animals adequately photographed within each two year period is quite low
compared to the total number seen in both years. Because the pedunele region of the tail
iz the most hkely place to detect an entanglement, only those animals where Lhis was
photographed in both vears were considered adequately photographed except [or the few
occasions where the time frame of entanglement scarring detected on other parts of the
body could be clearly determined (sec Methods), It is not ofien easy to detect evidence of
a# new enlanglement scar from aerial photographs unless they are clear photos with some
focus on the tail region. Tn addition, since matching o the catalog is primarily done from
photographs of the head region, photographs of the tail from shipboard activities are not

always taken consistently or are sometimes only taken il scars are seen as the animal
Hukes,

With the existing surveillance and photo-identification efforts, our ability to detect
entanglement events and timeframes has improved and may allow for monitoring of
entanglement levels an an annual basis. Ths contimued monttormg 1s crtical as actions
are Laken lo minimize the frequency and severity of entanglements of right whales,
However, there are limitations to owr ability to deteet potential changes in entanglement
levels without further understanding of the overlap between fishing cffort and right
whales. Therefore, the value of these techniques to managers should be carefully assessed
before they are used as a tool for measuring the effectiveness of implemented measures.
Certanly the hizh rte of annual entanglement interactions indicated by these analyses
suggests thal enlanglements are a common event fior at least two large whale populations,

right whales and humpbacks,

These two deseribed analyscs coupled with Hamilton et al.’s previous analyses on the full

sile of data will be p]‘-::u!.~'if_1ed i the final repart on lhas work.
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Figure 1.

WHALE DIAGRAM SHOWING BODY REGIONS




Jesk swes UIUIAE
seeh | UGHING

sieaf Z UlUdWEl
sleah 8ol Jo £
SLUEB.) S UMSUN¥UN O

T YT VA A
[Fre i i i

T

pajoajep 1s4i) Jeds Juawafuejua Jea

-
-

1, L, SO, g T
o S R L 7,
;.mu f_ﬁ_ .,.,u_..u

T AN

_,_I_.-__|_+ .

|

|
-
-

|
|
—

S|eWIUR JO 13qUINN

0w =
Y A

(o @)
et

buliiess jusws|buejua JO UOI}O3}3p JO 3wkl awi| ‘Z ainbi4




pebusiLa@

Fojoyd Ajsienbepy m
sleef ylog usagO

paydesBojoyd Aj@ienbepe 0} paiedwod sjuas jusws|buejuy 'c ainbi4

%@&@%ﬁﬁw?%%ﬁ&@ &E;&ﬂ;aﬁ&@f ,,,.,,_.....__mw_f ;_"w._...u&,,_ ....?,..num,_ r,u_m_..uf ,,_,W% ,.,.,m_#muz .,,,r_w_“u: L,n..,&nm.,. Jﬁ,mu,.,. ,u_yﬁ‘ ,m,__uuﬁf ﬂ“w_ﬁ”u,,_ ..T_..%n.,,_ i 23
3 w, Y F P F P IFTSFFFFSFESF S
Ea ; : p -0
T
1A I
J
i T = it —| 0%
) = Sl = = i e — —+ 09
L i || i3 = P = o - 0B
i = - = Lk —— : 201
= - b — Dz 1
= - - —— OFl
- . i}
3 Cel
¥ : E - - ok

8)3|dwod jou ejep sajesipu| , :UIBS §# [8}0] pue




Winter Right Whale Surveys
From Savannah, Georgia to Chesapeake Bav, Virginia
["'ebruary-March 2001

William A. McLellan
Kim Marks Letler
Cuen Jones
Kirk Hardcastle
D. Ann Pabst

Biological Sciences and Center for Marine Science
Liniversity of North Carolina Wilmington
601 South College Road
Wilmington, NC 23443

Contract Report #140WCNF1AG249 for
National Marine Fisheries Service
Southeast Fisheries Science Center

75 Virginia Beach Dnve
Miami, Flonda 33149



Table of Conlents

g
Executive Summary ........ooivies i

VRS o e e o i e

MEIMOHOIOEY ... rvirvenssnansnansasomssmmesonsisysns shsissnsesassssassss o

Locatons of Tracklines ............. e e s
EEOT HOMIS BIOWEL . ......o o ivmins crmonsssntmbnn basesnsatssermets
Coordimares of Trackiines ..o i
R R I e s e e s s

e T e B

oy | s
Humpback whales ..o i i o
EATOREIEWERIES. [ o eica i R A s L s
BT R T O e e e L e e S LA A
PUOERWRBIEY ..., . irecrrrrsmsensnceresstnsomsss vieessns
BOHICHOHE TS v o virvb e by st et e et r i
e R T S S S e e L G SR
T e L M R et SR i o A
Misc. Delphindids _.....cvveriiininienmiraseniiiiesiaiioans

R R e e e L e e e S
Leatherback turtles .. i iniinees
OSBRI DTS oy vanioronn bansinsm davs siman i

4
4
L]
¥

Other SIEBREINES ... oorrvirrirriissrmsearieais siemins rerenrrensans

I PO
DIRREABONG ot canssris i sy st s e v o b

G T T A 11 T ot T SN el TR L e

Summaty table for marne mammals. ..o i
Summary table for other marine vertebtates. .. ......oovi v,

4
20}
20

21
2]

2]



Acknowledgements

These surveys were funded by the Natonal Manine Fisheries Service. The need to
look Tor right whales in the mid-Atlantic became clear through discussions with Chris Slay
(NEA) and Steve Swartz (NMFS). Chris was very generous with his nme and expertise in
advising on the design and coordination of this survey. Amy Knowlton (NEA) was very
helpful in getting right whale identifications back to us and getting data out of us. Bob
Murphy (EAS) was, as usual, at his best providing planes and pilots to bum up those
tracklines. Thanks to Don Clark (EAS) for keeping the wavward observers in line and
finding our way home each day. An Friedlaender generated all of the ArcView images
during a stop over from the Antarctic, and Erin Meagher helped in the production of the final

drafl. Thanks to the members of the VAB LAR for their assistance and support.



Executive Summary

The northern right whale, Balaena glacialis, 18 one of the most endangered large
whales in the world. Right whales are known to annually migrate fFrom northern temperate to
sub-tropical waters. Large-scale survey ellorts [or nght whales are conducted m the Bay of
Fundy/Gulf of Maine dunng Lhe surnmers and near-shore and offshore waters of northern
Florida and southern Georgia in the winters. Little is currently known about the distribution
and calving potential of nght whales and/or human impacts on them outside of these areas.
The results reporied below are for surveys conducted in the waters from Savannah, GA to
Chesapeake Bay, VA from February 5 to March 3, 2001, This survey was designed to be
conaistent with those concurrently Hown in the waters of northern Florida and southern
Georgia by the New England Aquarium and the State of Georgia.

The resulting additional effort added (0 our current understanding of right whale
winter distribution patterns. Four mother/calf pairs of right whales were sighted during this
survey effort (see detailed break down below). Three of these new mother/calves hud nol
been previously identified when they were spotted. The surveys highlight the potential that
some right whales may be attenuating their migration to northem Florida/southern (reargia
and stopping in waters of the mid-Atlantic, The potential thar three previously unidentified
new mother/calf pairs werc discovered duning these surveys suggests that right whale calving
grounds may be larger than previously thought. A right whale mather/calf pair was sighted
within a few hundred meters of a large container vessel in the shipping channel into
Charleston harbor. Sightings of right whales during these survey etforts suggest that an
increase in the scope of the Early Warning Systern should be investigated.

Sixteen humphack whales were sighted in ¢lose proximity to Cape Hatteras, North
Carolina over the period of the surveys. All humpbacks were categonzed as Juvernles based
upon total length estinates of [0m or less. These observations are consistent with, and
continue, the decade long trend of enly sighting juvenile humpbaclks in coastal waters of the
mid=Atlantic. Sightings of 4 [in whale, a minke whale, five specics of small odontocetes and

twi species of sea turtles were recorded during these surveys.



Introduction

The western north A tlantic right whale (Balaena glacialis) is one of the most
endangered large whales in the world. Right whales occur in the summer in norilem walers
off New England and north to the Scotian Shelf (Waring er al. 2000). Some night whales
migrate south to the coastal waters off Georgia and Florida during the winter. Tt is not
known where the majority of all right whales spend winter months, and their distribution and
abundance patterns in the mid-Atlantic are not well known. The current pupulation estimates
for this species are under 300 individuals, and deelining at apparently 4% vear (Caswell, et
al. 1999), Any potentially negative interaction with a right whale could have severe impacts
for the species as a whole.

In addition to right whales, we also report here all sightings ol other cetaceans, sca
wrtles, basking shatks and manta rays. Of particular inferes! are humpback whale
(Megapiera novaeangliae) sightings because this species is currently listed as endangered
under the Endangered Species Act (ESA). Humpback whales traditionally rmgrate from the
summer feeding prounds in the northeastern U.S., Canada, Greenland, and Ieeland to winter
hreeding grounds in the Greater and Lesser Antilles (Martin e ad, 1984}, Since 1990,
juvenile humpbacks have heen sighted from the mouth of the Chesapeake Bay south to Cape
Hatteras {Swingle ef @, 1993). Concurrent with this occurrence of juvenile humpbacks into
mid-Atlantic waters, there has been a four-fold increase in juvenile humpback strandings
(Wiley et al. 1995). Between 1990-2000, the number of stranded hampbacks in the mid-
Atlantic alone has been at levels equal to or over one half of the Potential Biological
Removal (PBR), in each ol [ive years. PBR is the “maximum number of animals, not
ineluding naturel mortalities, that may be removed [rom a marine mammal stock while
allowing that stock to reach or mainiain it oplimum sustainable population™ (Wade 1998),
Sirandings even exceeded PBR (which was 9.7 in the 1996 stock assessmenl) in 1992
Survey efforts in the mid-Atluntic have demanstrated humpback whale sightings from the air
as far south as Cape Hatteras, NC (Swingle er @l 1993), with ocecasional sightings to Cape
Fear. NC' (UNCW Marine Mammal Program, unpubl. data), Little seral survey e[Tort has

been conducted in the offshore waters of the lower mid-Atlanlic Lo elucidate humpback

drstnbuation.



One {in whale (Balaenoptera physaius), which is also listed as endangered under the
ESA, was sighted during this survey. The most abundanl celacean species sighted (n=1735
mdividuals counted) was bottlenose dolphin (Tursiops runcatus). The “coastal ongratory™
stock of this species (now considered as part of the western north Atlantic coastal stogk) is
considered depleted under provisions of the Marine Mammul Protection Act (Waring ef al.
2000). Five harbor porpoise (Phocoena phocoena), presumably from the strategic Gulf ol
Muaine/Bay of Fundy stock, were also sighted in southern North Carolina and central South
Carolina (Waring et o, 2000). A stralegic stock is one “for which the level of direet human-
caused mortality cxcceds™ PBR (Wade 1998). The South Carolina sighting was further south
than the defined peoprapic range of this species ( Waring er af. 2000), Common dolphins
(elphinws delphis), and pilot whales ( Globicephala sp.), both considered to be members of
the strategic stocks in the western north Atlantic, were also sizhted (Wanng er al. 2000).
One minke whale (Balaenoptera acutorostratg), presumably from the Canadian East Coast
Stock, which is currently not identified a3 strategic (Waring e af. 2000), was also sighted.
The endangered leatherback (Dermochelys cariacea) and threatened loggerhead (Caretta
caredta) sea turtles, basking sharks ( Cetorhinus maximus) and manta rays (Manta birosezis)

were also sighted,



Methodology

Logistics

For this project, the University of North Carolina at Wilmington (UNCW) provided
ohservers and contracicd with Environmenlal Aviation Services Inc. (EAS) of Jacksonville,
FL to provide planes and pilots for surveys. The planes were the military version of Cessna
137. They were fixed, over-wing, twin-engine airﬁ:ra.ﬁ with retractable landing gear. The
planes were outfitted for offshore use with emergency position indicating radio beacon
(EPIRB), life raft, VHF radio and inflatable life jackets, which were worn by the observers
throughout the survey.

The surveys were scheduled to begin on approximately February 5, 2001 and
continue for one month. EAS located a plane and housed a pilot in Wilmington, NC for the
duration of the surveys. The entire learm was based out of Charleston, SC to survey the
southern-most tracklines, and out of Norfolk, VA to survey the northern-most hines. All
flights were coordinate with the Air Defense Identification Zone (ADIZ).

The surveys consisted of 76 tracklines of 35 nm in total length (Fagure 1}. The
(racklines began at 32° north, at the level of Savannah, Georgau, and ran al 4 nm intervals
north to 37" north, at the level of the Chesapeake Bay. The plane carried 4 pilot and three
observers. A left and right observer surveyed from each side of the pliane, and the third acted
as data recorder, Track lines were flown at 1000 [eet of altitude at approximately [00 knots
ground speed. Each wackline was flown twice during the survey effort.

Effor! was only conducted when wind/waler conditions were below Beaufort 5, With
this weather constraint in place, the survey tracklines were not flown in any systematic order,
but in an order that permitted surveying in the best weather possible at any place along the
coast (Tables 1 and 7). The first set of tracklines began off of Wilmingron, NC and
proceeded north. This set was completed with the southem (racklines during the second
weels of effort. The second set of tracklines was apam started in Wilnangton, NC and
pragressed south, The northern trackiines were the final set to be completed at the end of the
survey month. During each of the two sets of surveys, effort at any individual Lrackline could

be separated by as much as one week [rum an adjacent trackline.
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Table 1. Effort Hours and Total Hours Flown

Tolal Hours "on effort- on tracklines™
Total Hours "on effort wi transits™

Total Hours Flown w/ "off effort” transits
Total Hours transit to-from Wilmington

Total hours per survay

Total Hours

Ist Survey
24 .80
32.00
60.75

6.40

70.15

140.15

2nd Survey
23.70
36.15
61.60
8.40

70.00

=




Table 2. Lat'Long Trackline Points and Dates Flawn

Trackline # Latitude West End East End Date 1st Flown | Date Znd Flown
I =0 .00 76.00 79,42 27-reb U1-Mar
75 36.93 76.00 75.42 27-Feh Oi-Mar
74 a6.87 75.08 75.40 27-Feb O1-Mar
73 36.80 T5.96 75.38 27-Feb 01-Mar
F A6.73 T5.94 526 26-Feb 27-Feb
71 36.67 5.9 7833 26-Fab 27-Feh '
70 36.80 H.68 15.30 JB-Feb 27<Feb |
(12 36.53 T5.686 75.28 26-Feh 27-Feb |
58 36,47 75.85 527 20-Febh 27-Feb
67 36.40 75.83 7525 26-Feb 27-Feb
B 36.33 75.81 75.23 26-Feb 27-Feb
65 36.27 7578 75.20 26G-Feh 27-Feb
G4 16.20 75756 7517 08-Feb 01-Mar
B3 36.13 T e 7514 08-Feh 01-Mar
62 36.07 1568 7510 08-Feb O1-Mar
61 JG.00 72.64 .06 Qa-Feb Q1-Mar
60 535,93 1560 76.02 08-Feb 01-Mar
e 3587 7557 74.99 0B-Feb 01-Mar
58 3580 75.53 74.95 08-Feh 01-Mar
57 35.73 75.50 74.92 0B8-Feb 01-Mar
B 56 3567 75.48 74.90 0B-Feb __lZl-E-Mar
BR 3560 7548 /488 (18-Feh 02-Mar
H4 45 53 15486 74 B 07-Feb 02-Mar
53 35.47 o947 74.585 07-Fsb DZ2=-Mar
a2 J8.40 7548 74.90 07-Feb D2-Mar
51 35.33 75.50 74,62 07-Feb 19-Feb
50 35.27 75.52 74.94 07-Feb 19-Feb
44 35.20 75.69 75.11 07-Feb 19-Feb
48 35.13 75,490 75.32 07-Feb 18-Feb
47 35.07 76.01 7543 07-Fab 189-Fab
46 A5.00 76.13 75.55 07-Feb 19-Frh
45 J4.93 f6.21 1363 O07-Feb 19-Fab
44 34,57 76.29 75.71 06-Feb 19-Feh
43 3480 76.37 75.79 06-Feb 18-Feb
0 34.73 76.43 /5.85 06-Feb 18-Feh
41 34 67 76.48 75,80 (6-Feb 18-Feb
40 34 60 a2 76.63 6-Feb 18-Feb |
39 34 53 7734 76.76 06-Feb t18-Frh
38 _34.¢f a5 76.87 06-Feb 18-Feb I
a7 34.40 7f.o8 .00 UG-Feb 18-Feb
36 34,33 7787 77.09 06-Feb 18-Feb |
35 34.27 77.74 77.16 06-Feh 18-Feb
34 34.20 77.80 T2 06-Feb 18-Feb




Tabile 2. Lat/Long Trackline Points and Dates Flown

Trackline # Latitude West End East End Date Flown Date Flown
33 34.13 7f.o4 77.26 6-Fab 20-Feb
31 34 00 77.80 7r.32 5-Feb 20-Feb
28 33.80 78.70 78.12 (J8-Feb 20-Feb
27 33.73 78.83 78258 00-Feb 20:Feb
2B 33.87 78.90 78.32 {9-Feh 20-Feb
fids 33.60 78.97 78.39 13-Feb 20-Feb
24 33.9v 79.03 78.45 13-Feb 20-Feb
23 a3.47 39.09 78.51 16-Feh 20-Feb
22 33.40 79.14 78.56 16-Feb 20-Feb
21 33.33 7316 T8.58 16-Feb 20-Feb
20 33.27 79.17 78.55 16-Fab 20-Feh
19 33.20 79.18 78.60 16-Feb 21-Feh
18 33.13 79.24 T8.66 16-Feb 21-Feb
i 33.G7 79.35 TB.77 16-Feb 21-Feb
16 33.00 79.36 78.78 16-Fab 21-Feb
15 32.93 79.37 78.79 16-Feb 271-Feb
14 32 87 965 1907 16-Fehb 21-Feb
13 32.80 .73 73.15 16-Feb 21-Feb
12 32.73 79.87 79.29 16-Feb 21-Feb
B a2.67 79.38 19.30 16-Feb 21-Feb
10 32.60 B0 .O7 79.449 15-Fab 24-Feb

2] a32.93 80.25 T9.67 15-Feb 24-Feb
a8 32.47 §0.38 79.80 15-Feb 24-Feb
ri 32.40 80 .42 79.84 15-Feb 24-Feb
51 J2.33 B0.45 79.a7 15-Feb 24-Feb
5 32.27 80.80 80.02 15-Feb 24-Feb
4 3220 80 .69 80.11 15-Feb 24-Feb
F 3 32.13 80.78 80.20 15-Fab 24-Feb
2 32.07 820 .89 80.31 15-Feb 24-Feb
1 32.00 60,84 80,26 19-Feb 24-Feb




Data Collection

Weather and sea conditions were collected for cach trackline, Glare was recorded for
each sule of the plane on each track, Location was recorded using a global positioning
system (GI'S). The plane carried at least two GPSs during each survey. One GPS was used

by the pilot to follow track lines, the other was used to store position data for the survev., The

GPS stored each position in memory as a waypoint. Waypoint data were downloaded directly

to a cornputer following survevs.

Positions were recorded lor the beginmimg and end of cach trackline, changes in
weather condition, location of vessels, fishing gear, and sightings of animals. When an
animal was sighted. the time and location on the trackline were recorded. The plane then left
the track and circled the animal(s) to collect actual position, species and number. After
identifving the animal(s), the plane returned to the trackline at the position where 1t had lefi
and continued the survey. Decause large vessels were visible for many miles, they were not

recorded until their position fell within 1.5 nm of the plane.

Data Analysis
Data were downloaded from the hand-held GFS unit and imported into a spreadsheert

for editing, which included checks of waypoints to specific sightings and time an and off

elTort, ete. On effort and transit imes were calculated directly from the GPS readouts. Once

an individual survey’s daty were edited, they were added (o the (otal survey data spreadsheet.

The total survey data could then be sorted by species, for example, for [urther analvsis and

geographic mapping. All geopraphic maps were generated m Arcview,

11}



Results and Driscussion

The following references the sighting hislories and locations presented graphically

and in data tables.

Right Whale (Balaera glacialis)

The north Atlantic right whale is one of the most endangered large whales in the
world with a current populalion estimate of under 300 individuals. Right whales migrate
from the summer feeding grounds in the Bay of Fundy and Gulf of Maine and ofT the Scotian
shelf to the winter calving grounds off Georgia and Florida. The aenal survey reported here
wils desipgneid specifically to census any right whales that might be "wintering™ in the mid-
Atlantic waters.

Four mother/calt pairs of right whales were observed during this acrial survey effort
(Figure 2 and sightings table), The first (#1970) was seen on 9 February in the shallow
waters east of M;ﬂ;tlc Beach, South Carulina. The animals were re-sighted later on the same
day and had moved only slightly southeast. The same mother/call’ pamr was again sighted on
20 February east of Georgetown, South Carolina. The second mother/calf pair (#1140) was
sighted on 15 February southeast ol Georgetawn, South Carolina, The whalc was re-sighled
in the afternoon and had not moved perceptibly. The third whale (#1160) was observed on 16
February souheast of Port Royal Sound, South Carolina, This mother/calf pair had been seen
hy the EWS (Early Wamning System) aerial survey leum [rom the New England Aquarium
earlier in the season, The female had been struck by a twin screw propeller vessel on or aboul
29 January 2001 (C.S. Slay pers. comm.). The propeller slashes were evident along the left
flank with the second propeller continuing along the peduncle and ending at the fluke notch.
A final pair of right whales (#1303) was observed on 21 February in the deeper waters (3Um)
off Beaufort., South Carolin,

Preliminary sighting histories provided by the New England Aguarium suggest that
three of the observed calves had not heen seen this year and were considered to be the first
sightings. Al right whales were seen south of Cape Fear, North (Carolinag to Port Royal
Sound. South Carolina, On three vecasions whales were re-sighted on the same day as the

original sighting with the second sighting not deviating significantly from the first, These,

11



albeit few, data might suggest that right whales were not “moving"” extensively from the
southern mid-Atlantic waters, One re-sighting took place 11 days after the initial sighting,
and the motherfeall par had only moved 30 nm southeast. The question of number and
fidelity of sightings in the waters of southern mid-Atlantic warrants a continued effort to
momnilor their presence i these regiong ol high ship tralhic. In addinon, the sighting of three
“mew” calves in the mid-Atlantic would suggest an expansion of the traditional calving

grounds rccopnized off Georgia and Florida.
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Humpback Whale {Megaptera novaeangline)

The Gull of Maine stock of humpback whales 1= considered strategic, becanse all
humpback whales are identified as endangered under the Endangered Species Act (MMPA
Annual Report 1997)(Wanng et /. 2000). Humpback whales traditionally migrate from the
summer feeding erounds in the northeastern U8, Canada, Greenland, and leeland to winter
breeding grounds in the Greater and Lesser Antilles {Martin ef af. 1984). Since 19940, it has
been documented that juvenile humpbacks huve been sighted from the mouth of the
Chesapeake Bay south to Cape Hatteras (Swingle er al. 1993), Apparently humpbacks are
also seen during the winter in southeastern coastal waters (unpublished data cited in Waring
et al. 2000). The stock identity{ies) of humpback whales in the mid-Atlantic is not vel
known. The NMFS currently recognizes 10,600 individuals as the best population estimate
tor Atlantie humpback whules, based upon genetic and pholographic mark recaplure studies.

A total of 16 humpback whales were observed during the surveys in 9 separate
sightings on four different survey days (Figure 3 and sightings table). Three more whales
were observed duning a coastal iransit on 27 Febroary. Numbers of humpbacks in cach
sighting ranged from | to 3. with 3 whalcs seen in two separate sightings. All humpback
sightings occurred within 60 nm north or south of Cape [Hatteras, North Carolina. This
pattern 18 dissimilar to those of previous years, in which humpbacks were north through
Oregon Inlet, North Carolina to the mouth of the Chesapeake Bay (UNCW Marine Mammal
Program. unpuhl. data). Fisheries entanglements and vessel strikes conlinues 10 be a concemn
with humpback whales in the waters of the mid-Atlantic (McLellan, large whale necropsy

reports to OPR, NMFES).
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For the following marine mammals, sighting data arc also compiled in tabular form,

Fin Whale {Balaenoptera physalus)

The western north Atlantic stock of fin whaley is considered endangered under the
Endangered Species Act (MMPA Annual Report 1997). The fin whale is commonly sighted
in the LS, Atlantic Exclusive Economic Zone, and accounted for 46% of all the large whale
sightings during CETAP (Waring et o/, 2000), The NMFS currently recognizes 2,200
individuals as the best available population estimate (hascd upon surveys conducted in the
northern Gulf of Maine and Bay of Fundy) for the western north Atlantic stock.

During this survey one fin whale was sighted on 27 February cast of Oregon [nlet,

MNorth Carolina.

Minke Whale (Balaenoprera acutorostrata)

The mimmke whale 1s common and widely distributed in the ULS. Atlantc Exclusive
Economic Zone (Waring er af. 2000). Minke whales along the US eas! coast are now
considercd 1o be part of the Canadian cast coast stock. The total number of individuals in
this stock 15 unknown, although the NMFS currently recognizes 3,810 individuals as the best
population estimate. This stock is not considered strategic.

One minke whale was sighted on 2 March east of Avon, Norih Carclina off the
central Outer Bunks, Thas sighting was forwarded to a researcher in Canada who is

myvestigating minke whales for his dissertation,

Pilot Whale (Globicephala sp.)

There are two species of pilal whiles i the western north Atlantie, the long-finned
(Globicephala melas) and short-finned (Flobicephala macrorhyacig). The NMFS
currently recognizes | 4.524 as the best cstimate of combined population size for both species
(Waring er af. 2000). Pilot whale stocks are considered stralesnc,

There was one sighting of short-finned pilot whales on |8 February in the near-shore
waters off North Core Banks, North Carolina. A stranded, necropsied whale at the North

Carolina/ South Carolina border was also observed by the survey team,
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Bottlenose Dolphin ( Tursiops iruncaris)

1n the western north Atlantic, at least two distinct inshore and oftfshore stocks are
currently recognized. CETAP demonstrated thal these forms appear to be geographically
separated north of Cape Hatteras, North Carolina. In offshore waters, dolphins are
distributed in waters grealer than 25 meters in depth, whereas m coastal waters dolphing are
often observed within a kilometer of shore. Most bottlenose dolphins are distributed south of
Cape Hatteras in the winter, where the geographic separation between the two groups ot
dolphins becomes less clear (Wang ef al. 1994).

The “coastal migratory stock” of bottlenose dolphins along the U.5. east coast was
designated us depleted under provisions of the Marine Mammal Protection Act on April 6,
1993. The NMFES 2000 Stock Assessment Report no longer names this stock, but defines all
coastal dolphins within the western north Atlantic coastal stock (Waring et af. 2000}, This
stock, whose structure is uncertain, currently has a minimum population ¢stimate of 2,482
and is considered depleted.

A total of 1,735 bottlenose dolphins were sighted an the first set of track lines, and
818 dolphins were sightcd on the second set of track lines. A total of 218 dolphins were
counted during couastal surveys conducted in the near-shore waters to or from the tracklines.
A qualitative description of the bottlenose dolphin sightings suggests that animals were
distributed up to 20 nm offshore in the walers from Cape Fear, North Carelina to Savannah,
Georgia. There were few bottlenose dolphins encountered in the waters from Cape Fear,
North Carolina to Cape Lookout, North Caroline.  Bottlenose dolphins were concentiated
from Cape Lookoul, North Carolina to Cape Ilatteras, North Carolina, with an alimost
contineous distribution in the near-shore waters. North of Cape Hatteras, North Carolina
hottlenose dolphins were again sighted more sporadically and in decper, oftshore walers.
Bottlenose dolphin sightings ranged from single animals up to groups of approximately 134

dolphins.

Common Dolphin (Delphines delphis)
The common l,iﬂl'l_}hin is considered one of the most Wi:il:l:,’ distributed of all
cetaceans and common to the continental shell walers betweaen Cape [atteras to Creorzes

Ranks, CETAP estimated a population size of 29,610 individuals for the western north
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Atlantic stock of common dolphins. The NMFES, though, currently recognizes 30,768
individuals as the best population estimate for this stock, based upon 1998 surveys (Waring
ef al. 0000 Thas stock 15 considered strategic.

A total of 163 common dolphins were sighted i the total survey, with 71 seen on the
firat set of tracklines and 92 seen on the second set of track lines. Common dolphing were
distributed in the offshore waters from Georgetown, SC to Camp Lejeune, North Carolina
and again from Cape Hatteras, North Carolina to Oregon Inlet, North Carolina. Comimon

dolphins were sighted as single animals and in groups up to 13-20.

Harbar porpoise (Phocoena phocoena)

Harbor porpoise in the northwest Atlantic belong to the Gulf of Maine/Bay of Fundy
strategie management stock. This stock 1s concentrated in the Gulf of Maine and Bay of
Fundy in the summer, and its members apparendly disperse m the fall, winter and spring, to
walers ranging from North Caroling to Maine (Waring er ai, 2000). Little 15 known about
their distribution outside of the Gulf of Maine/Bay of Fundy area. The cuarrenl minimum
population estimate {or this stock 15 48,289,

A total of five harbor porpoise were encountered in two separate sightings. Thesce
sightings were east of Wilmington, North Carolina and cast of Georgetown. South Carolina,
The South Carolina sighting was further south than the defined geographic range of this
species (Waring er af. 2000), although strandings of harbor perpoises are becoming routing

1y the center of the Outer Banks, North Carolina (Cox, ef al. 1998).
Miscellaneous delphinid sightings

A total of 49 un-identified delphinids were encountered in nine separate sightings

during the survey,
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OTHER SIGHTINGS

For the following marine vertebrates, sighting data are also compiled in tabular form.

Loggerhead Sea Turtle (Caretta caretia}

The loggzerhiemd sea lurtle 15 listed as threatened under the Endangered Species Acl.
Logzerhead sea turtles have a nearshore distribution as adults, and are found worldwide,
They are known to occur in the waters north of Cape Hatteras from May to October, and arc
thought to winter in more southern latitudes. Strandings are known o occur in Maryland,
Virginia and Narth Carolina in September, October and November. Strandings also occur in
North Carolina fram November through January, and in the spnng months of March and
April (Epperly ef af. 1996). Tt 1s difficult to estimate the world’s population of loggerhead
turtles.

A total of 104 loggerhead turtles were sighted, with 32 counted on the first set of
tracklines and 72 counted on the second sel. Loggerheads were seen virtually throughout the
whole geographic range of the surveys with the netable exceplion that there were no
sightings north of Oregon Inlet, North Caroling. Loggerhead turtles appeared to be relatively

more concentrated around Cape Hatteras, North Carelina and Cape Romam, South Carolma,

Leatherback Sea Turtle (Dermaochelys cortacea)

The leatherback sea turtle is considered endangered under the Endangered Species
Act, Leatherback turtles, which have a predominantly pelagic distribution, are found
worldwide. They are known 10 oceur in waters north of Cape Halleras from June o October,
and are though! to winler in more southern latitudes. Strandingy are known to occur in North
Carolina in November (Epperly, 2t @l 1996).

During the surveys, 6 leatherback turtles were counted in 5 separate sightings.
Sightings were located in the offshore waters of South Carolina [rom east of Savannah,
(reorgia to Georgetown, South Carolina. One additional leatherback was sighted in the near-

shore waters ofl Topsnail Island, NC during a coastal transit survey.



Basking Shark (Cetorhinms maximus )

Basking sharks were sighted in two areas, one ofl Cape Hatteras, North Carolina and
one from Georgetown, South Caralina to Charleston, South Carolina. Basking sharks were
usually sighted as individuals, although two sightings in South Caroling, with groups of 15

and 18 individuals, occurred within five munules of each other,

Manta ray (Manta birostris)

A total of four sightingss of manta rays were made in the offshore waters of Cape

Hatteras, North Carolina. Manta rays were sighted individually, or in a pair.
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Buoyant balaenids: the ups and downs of buoyancy

in right whales
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VWaads Hole Oreangoraphic Tnsttiution, 45 Water Streat, Woeds Hols, MA 02545-1658, USA

2 Large Whafe Biofory Progrom, Nertheart Fiiferies Scimace Center, 1676 Fiater Strect, Wands £lle, MA 02543, USA
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A variety of marine mammal species have been shown i eonserve energy by usng negative buoyancy 1o
power prolonged descent glides during dives, A new non-imvasive g actached 10 North Ailanbe nght
whales recorded swim stroke from changes in pitch angle derived Grom @ tireesaxis accelerometer. These
results show that right whale= are pos atively buoyant near the surface, a inding that has mE;mhv:unl umpli-
cations {or both energetics and managemen Sorrie af the most pewerful Auke strokes observed n tagged

right whales scour as they counteract this boayancy as

as they start a dives By contrast, riglt whales use

posirive buovansy to power glides during ascent, Right whales appear o use their positive buoyancy for
more cificient swimming and diving However, this buoyancy may pose added risky of vessel collision.
Such callisions are cthe primary source ol anthrpaopenie mnrralicy fir Worth Atlantic right whales, whose
population is erivically endangered aned declining. Busyancy may impede diving responses 1o ancamng
vegeels and right whales may have a redoced ability w manveuvre during free ascents. These risk lactors

can infarm eflorts w avord collsboes,

Keywords: Felalasma glavadis Tmoyaney; tagging; diving behaviour; conssrvation

1. INTRODUCTION

When a marine mammal dives it iz under
congtraint to canserve energy since serahic metabalizm i
contingent upon sored oxygen. Most marine mamanaly
stroke contmuously as they descend lrom Lhe surlZiee, bt

SLTCN g

as their lungs collapse, causing o vwailume clecrease. many
species  use  their ineressingly  negabive hiosyancy 1o
produce passive glides in the later stages ol descont
[ Wailliams ef gf. 20007 Experimental manipulation of the
Fueyaney of elephant seals causes them to modify their
dive behavicur [Webh of ol 1998) W decided ro smdy
dive behaviour in & Lalaenid whale that is known hsen-
cally W be positively Lsoyant at the surface, to test the
byrpatbesis that gliding during descent 5 emiployed by
u-l_lj:r [l A nel iIIII|1II.J':T'.'J [ax .

This study Docwsed on the North Atlancie right whale,
Eubelorns giacialic,. Whalers ermed this species the ‘right”
re kill hecanse their carcasses wers more |ikelw
rhan those of other whales to oo £Scsmman [THS, Star-
buack 1870 L The historic overexploitation of these wlhiales
devistated  their popolations CAhichell 195y Reeves &
Blitehell 198606 Waring of af. 19530 W hile some popula-
tons ol balaerds |r||T|J|I ancd bevw head wihales | Appear o
L recovering from whaling (Hill & Debaser 1999, Besi
e gl MHILY, the Moril Atfanta IIIL'I|E|. whade numibers fEwer
rhan 300 individuel: and appears 16 be m dechoe
[Capwed] mb o, U ||1-|'|r'|'|’| this s cmee ol the prenad
endangered of all the Jarre whales and s ureler signilicand
threnl ol extineriomn i clrvent condutions peesist [ Caswdcl]

er b 100% Clapham ef o2 19950 Alkhough nerthern righ

w b i

U Awnar Bor coereaporickn o fdrieesiek e whan ek

B N Naw Landl I8 3R E 268 URET-HLE
Resnsd 5 Mook - ..'.l_r.l.'.l' 1 Dy

whales have nol been bunled smee 1313 jexcept o
st exeeptiong], octher human activities hoave prestly
mereased their morielicy vate. Uollisions wich vessels are
a serious cause of human-indvoed injury and mortaliy
Between 1970 and 1999, ship strikes were respeani Bl for
It cur of 18 deaths atcributed to human actovicy,. These
sirikes accountesd loi more than one-third aof the 45
kriown right whale fatalities | Laist & of, 20005 given (e
many carcasses were ool examined, the true total 1=
certainly  higher.
mar Geelily o essontial of this ]:--:-pul-'.-'di-'.rn. = to remain viahl
(Claswell 2 2f 1999) A significant obstacle o developmyg
'.H.l“_l:',t:l':'-'.l priesases far m:l:'lﬁ:u:'mp,_r 5|1i]:- strikes 15 Gur ignm:-

almast Redocing anthoup vge

ance of che previae behavicural and acoustic <onditions
that lead to a collision,

2. METHODS

e artached 3 new d|q:|u| ol rUI.'IHd]!IE_ Lay i U'l}"';{_:__' (11]
Sorth  Arlanbe r|5|:| whialea to dgtudy therr diving belaviour,
Dazn oz the motor snd acousris bebavosr of Hllh:l:l.'|-_..u.'l.| Tk aLe
rizmimls  have remdicionally beess didfionl o obaain, W aen an
amurdl ® subin 10 [T a, Theze. daild-are. syl alale: 4'”'"-' 1Y DEET W TR
pacitboang or wath dpecialized techipigue
o0 At ko afs OO Feeg

crriblesd ey ligie

1.1.1-~r||c||'||!rI 1 elrareawdie
LGonnor ef af 19958 Dhavs of o,
amder chise  cireumstianos abiervitions are
E:":”"'"'“l'i'::'“ it A chivough the saten Eleeiraee Lams fuave
ke i |-'|'|:.-,|-i-,-.-|-5- e o peaoied diee rir'-'-.'rh1 |:||=r|l i et aliiipid, s
SN :“i'ﬁ'i.IIIIIIII.HI grovemenm b wild marie maminals | Davis
il BT ]"I:_"_:;-'e-' af ol 1900 Read & Westaate 19505 Wedirate
capntuidws- ol the TEEAG,

ol opdo WSS EPhe smnll sme &nid

hawevey, provides s [ data 11 & robust packase f sensors i lade

i three-aan a9 elsrmimerer SRR, Wkl wmpardldey winil

=R THe Baal Sacisry
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Huavancy and dinirg v ngfi aale o

Figuvre 1. The INEAR ancased w0 a rrcw e el J'l-c:-|'|.'|'l.h'_|r|-l [{TH r.a.ir;rlg atizched o a Norch Adlantie !’]ﬂht whale in the H-El‘_.-‘ af P|'||'|I|'!.'-

Augpust 2000 The inscl shows a detailed view of the tag package.

presiure sensors, and 4 hydrophone, The DTAG continuously
records the enomiaiion, beading and depth of the tagged animal
im f.nrn]'l'HIH syreziroeny wwache sowands sensed by the bpdeopioone
The sensor sampling rate (23 Hz! and scroracy are sulficient 1o
irack hoth subtle and G mosvermnents, whale the aocdzo bands
wilth |8 kHa) covera the vocalization frequency range of rFight
(Clazk 1982% By
symearonously, (e DTAG can unambiguously caprure behavicue
that sa nest ahservabl e from rhe sorfacse,

WI‘IH.I'!!!! I.'L'h'.'i_'ll.'i]i“h Lﬂll.‘l'l':.lhl.l -:ln.'.“.I “\-l.lllIIII

The rapgs, hoteed jnoa |m|'.'|*rl'r:|-'|r.ne ‘I'.:J.iri.ng. e alizcined o
lree-swimmening right whales o the Bay of Fundy, Canada, with
theei sieelwn Ligpa, L Fonward didd wone 5 I:"'g'ln' |:- I e
hydrophone was eizher potted in the all suhon cup (1992] o
enclosed in the Cornmg (20000 Alse enclosed i the Fairing wwere
atverioa, avntactle toam fomtabion, dand @ radia rarsmpaiter o
wracking  and package seiovery An oaoeedic correspve wire
embtdded within the amtackment hardwire was dessgned
pelezss the package frovn the whale, One package released via
this mmechaniom, the athers doe o shin simeghine, concast with
:I..'!IE:I'.I:I.I:I' '.-.'!.-'.'. Il.'. car godne ol lier borce :||.1r cmrser the anciiom b
reltase. Tags remained attached w2 whales for up to 3 hours,
ahbough stschments of a0 5 Loors weee more tymncel, Sensos
and acoistic data weere stored simultacenely, which provided
exact synchromizacion tha s pppacelly difficall 0 aclueve with
rlit-package intepration {Skrovan e el 9% Welliams er gl
ELLLY From the aeceleromezes wo csloalaied Lhie seliales Jul b
anid coll svales, whiie the moznetometers mave heading. The leg
wd attashed domally arid pporasimanedly mhileay Letween the
Lii this passitioe

. PIHY IR

bt o B eslos siiadd Ehoe caudal pedoin e

apgle of che animial enrmaine 5 sendean seenal dus s
' ! :

viprt et e ol ches bealy s sevinieng, apd socan prawade 2

'|:|-:||I'.||i|| 1 ol il L] t e anny .|| 'r:. ﬂ|l-’-|‘.'iHH 1B5 '-\.'1"“ AN I‘:II' Bl k=

Prae W Sew T 1313000

rate {akrowan e of. 1999 The lngli-sgead sainpling capalaticies
af the DTAG pérmit fine resolution of sampled data. A single
Huke stroke, bor exampls, that soonors & ca B Fx can be
analysed with over 1M deta points in exast svnchrony wath all

otlacr reconded daca

3. RESULTS
(a) Devengy befiaigour

Swimnning and dive data recorded hy the TVTACE from
eight right whales during 93 dives i 1590 and 20003 o
eate hat the tmgaed whales were pasitively bueyant i
depths greater than Yillts €f ol G000 jepnt log seals,
r_:|.|_1]r_1]ji_:rj'5 and Bloe wehales. Williams e gl (20000 Bugresl
that all marine mammalz glids an descent o copser e
energy, bt the pesative bosyancy ol nghl whales allows
thean 1w conserve encegy while ghding en aseent. All
dives from these tagred whales were interprated o be
foramng  dives  Bused oo then Hat-botoome i shape
Higiee 9 Le Boeof & af, |98 The sxtent of active swim-
T "I'“:”'.!i tlescene versus ascenl wnd Their oversll |*.-ir-'||
angle demonsirace the positive buoyancy of these nght
whales {figure 3. While descembung, the whiales had fo
propel themselves at steep angles te the battom of thei
dives fmble |7 figure 36,00 During ascent, howeyer, they
glided at relatively shallow angies for 15-60% ol the ol
i-|-w:|:r|; iime [ table ['ﬂ:'m-._ dier Disjaite these chifferencios
i.[: S irr||||i|||__; J_:-l_'f|:-|.l.-u.l:]| I.ll.:h'l'l.'l'l:l ascenl .1II-\'.| elese i,
Beir rale of sseent was sgqual o oor greater than their
descert rmee  table T

-I.I"|I_' I:II'_'!:ITh o | '.‘|||'|I.'I| | '|'|I'Ii|||' I:“I'.I||I..|:". o _||I|i'l..||'\' i:'\- :I.I.'“' atll

indication of its busyancy, sinee huovancy decreases (g
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Figare 2. Dive profile, i.e. depth of dive, for the entire ag
racard For whale | 309, The ‘LT-ahape' of the dives is
interpreted as indicaiing that these are foragine dives based
an previows work with pinnipeds { Le Doeul «f qf, 1085).
Current research focuaed on the prey fields present in the arca
ol daving nght whales @ praviding more docati about foraming
fehavicnt. Althnagh the dwe pareerns show sianificant regu-
fanty, gradual changes @nd promounced excarsions my
wndicace, respecove by, a whale following or searching for =
pres pateh.

collapse of the lungs with depich [ Ridgway el af, 1069;
Skoovan of al, 19990 Ar a depth of approximately 10w, fo
example, the ambient pressisre 18 pwice s greal as i 1 al
the surtace, and i doubles with every doubling of depeh
thergalter. The wolume of aar-llled comparteoents
corvespromndingly redisend b hall with cach douabling of
pressure, and  the ar-lilled codties ol divang mzcoe
matnmals are subject (o these lorees. This decrease in
volume wilhoul o change i aness tesules o deceeased
l'.u.:r_'-'!r'::||||'1_..'_ All ;ri_g]|| vl e |:-|_-5__=|:||| PR A k| .I.:Iil1l|‘.‘"ﬁ. jal r1:'|||]|.-=.
significantly deeper than the 18 m at which a blue whale
hecame negatively buovant ( table 1 Williams e 2l 2090010

[b] At-depth sveimeimg behariaur

Beyond  the energetic savings ol prodonged  ascent
glides, all tagged whales swimming al depth displayed
rwo additdanal energy-conscrving sirategies that are not
unique o positively  buoyant whales: consistent fuke
stroke race and burscand-ghde swimming Onee they
arrived o their targed deprh mueny wlitles swiam haregon.
tally, presumably I';nvr:qii.ng. T explonl maximally a prey
FJ:Irl.'h thar aecird o clepah a righl whale mos I'lﬁl:il:nrl"}
maintain lorweard velociey to filier-feed. which probably
eaiges a sigEnifican fncrease in elias CRenmey of al, 190G
During the flal-batgom portion ol these Teeding dives, | e
tapeeel ammals displayed o burst-and-glide swimming
prtt i owigh & constan ke cate an cach shore buorse ct
Huking (hgure See Locomator connective (ssues of some
el s '.-||:-='||||~;l"|||:|ln_' W sz R E! .q_':.'r-:rl:ul |IJ"u|ae-l.
i98G Pabsy ef «f, 159289) and mechanioal meclels symmest
that cetaceans swam al thebr resonant frequency [ Pabse
196G Borst-akl-plide swinrning 15 used by other species
as. an effective cnergy copscrvation mechanism | Blake
s Wetkis 1990, and while (he tight whales” glice

ill!lril.-ll"'i weere Shioel e B -::I sehilis ailien l.g“lh'w' Fwg ae diel |

P (TERSF S L TT A LT S < RO

of mare than a minuee while swinming at depth. T hese
shorl ghdes save energy and oxvoen not ouly through
reduced musenlar acrivity bt pechasble alea by re-:;lu-:iiﬁg
[rres=ure disg saml bowndary Tayer Et:i_lﬂj.'al;il'_'ln CEF':I'i.EHE'LT-'
by swimming animals {Webdb 1975 Daniel 1984, Fish o al.
| 584,

4. NSCUSSION

The buosyancy of right whales = nor only affected by
the volume of gas-hlled cavities, but also by the proguor-
tiot of positively buoyart tissues such as hlubber and
megaiively buoyant tissues such as bone. Gas-Alled cavitios
change in voluine with waler pressure, creating a
dvnanie ca mippeinent of Isvicyasuey Uil varies witls depih.
(Mher Gissues are less compresible, creating a scatic
component of buoyancy thar = largely depth mvariant.
Variability in the buovancy of lagged right whales is
Su&qﬂtd |:|!." thl: diHL‘:l't‘:l'lr d1’:|‘:IL|'|:- al 'I.'I.'IIII.'lI- ‘||It'.!.- ]hl_‘H;l_ll. Lin
plide (table 1) This is similar (o [emale elephant seals, in
which changes in body fatr percentage over the course of a
foraging season closely tracked changes in cheir baovancy
I:f:rfnthr'l' ot el |ﬂ'r-".'-':l. Illi'\i"llld' |‘1||1|1..-':5||-:":' i aay L herelore he an
o tanl el saniable faclor in the overall busyancy of
right whales: By analysing the wverncal acceleration as a
function of depth doaring ghides, the DTAG data may
provide a methad for asacasing the relanive cantribnfian af
these  dynamic  wersus  safie booyant  Forecs when
combined with an analysiz of other [orces actung on a
wrhisle |;-:'.I5!|. f|:a’|H_:. In st mcasuremments of  Blakhe 1:-13.-'|'r
thickness in indiadual right whalss ure beine made (o
azw3s the body condicion of these ammals (vlonre of al,
S, wlich 1= moportant wilh respect e reproductive
capacity | Frisch 12810 and may have implications for
lI'lf"_.il .'Rw-lllrl.“'-l.l_IH E‘IIl':I I:I;'I.'illﬂ IH:I‘I:!.'.IIIHII b L I'I:ai.'r'l:'
ubiser ved,

While somne mavie aninals can regulate their bioy-
aney o memntain depth (Alexander 190G marine
meammals mwsl sardace reguently  and nevilallly  wll
swim against bwanre farees at some part of the dive
eycle. Marine mammals explon these buoyant Jorces [or
elficient locomotion during diving Right whales empha-
mze ghde: on ascent, whale other specics that become
negaiively buowant when their lungs collapse disrine o
dive conzerve emergy by gliding during descent {Skrovan
et ol 1999 Williams e af, 20007 QOur tag dala show that
right whales are posioively bunyane even under hydro
stalic pressures that most cerlainly have collapsec] their
alr-hlled cavities o a fracton of their nermal volume.
T he sresans that rii;'.!'"' whzles st conrterset s boeow-
ancy as they dive b can use 1 1o assist ascent.

The Iooyaney i Nooth AlLantie vight whades repaor ted
bresyes proighin Basves prnphicaivisns an (he skl a0 ships steike. 11
a righi whale at the surface dives ta avoid an one GTang
vessel, s buoyancy may slow  this vernical aveadance
resporse. Buwvaney ey also pose nisks dormg ascent
From o clevee. Adeer whales begin the passive component of
thetr dscdent, thwir alalily o maenveusvi'e as hibely o Li
reduced relative 1o whien |II|_"!.' are undler FIRELE R Wis ks
redatively Lntle abowe the use of conceal sudaces 10 ceta
ceans, bur active propulsion camnd. manceusrability are
redated. Belvaticend sweliades can lurm mdre eflectiively sclnle

III1r]r" I'\'-I'\.'\.'EI' .-II:|'|| !'I.I'r"\. II"':I I'\.{'ZI I|:|||r||lu| II"III!IIII.-I“'\.'\. -CI|II.'
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Figure 5. Continuouns ssamming and diving data recorded by the DTAG From whale 1300 {a) The depth of dive protile,
caleulated from water presure, for & repregentative dive recordal by the vag. (&) The while's prich during the deseent of the dive
5 hinwm :.gr_l Fluke sirnkex can be zeen o as relas ||1.'r|'lu f.;:stl stmall znvoditude ascilations of the overall '|_'u‘h_'|'| rrenTd, 1TE CARpaTs the
|11Ir|1 .H.I'Ii!'ll". recon] 21 manoie L5 wath minene 140 when thie whale s hl‘Ti'..'i":}' =TT in_q =it rll-.r.rl'-. The Aurze streskis secmrded }r:.-
the acceleromeren ( pite b} correspand clirectly with inereased How noise recorded on the hydrophone as the whale accelerites
durng a Auke stroke, The correspomdence of chese twe quantisies prosades an unsguivecs] ground cruih Tor e Huke stroke
miesuremeny, The “huzehne’ negacive pitch angle: fesels From the angle of attachment of the tag Chaure 1, which s dione
purpoasty in @n effort i nse the water Sow 1o toree the g down oo the animal, We have correctad for this inhereni negative
pitch angle o all daca reported o table 1, To {55 thie angular foke rate in degrees per second i showT, This method ol anal ves
ghiowes 1he e c:-ru'l'luzu';rL' e the Meke scroke ;e do ring T sive _glirl'ing the= .'.Lngl.ll:l'r Awlks rare is rero, The cornlinooas ”ul-l:i:l]l-_l'_
during the descent is shown in this plot. {d} The plich record for the agcent portion of the dive shown in {a); note the difference
I goale of the ordinate axis as -r:nrl]p;:-.'nrl with ':":';" lluring the iarres EEGRR rhie aseent the Soke strak= nscillirtions |Ji.-s:|r.|Fl¢'...1.1' [roen
the pitcly secord, indicazing thar the whale & gliding: The glide = eonfirmed by the angular fluke race (), The angu lar rate spike
just after minute |50 coxresponds 10 the whale breaking the surface at an angle and falling back o the horizontel. Trackg (he
angular rare of change alio <learly shows the burse-and-glide "packets” as the whale swam [£),

Tlable 1. Derailed clive behasviour of ta e raght w il es

.I-['hr' 'I-m:r wrhinles 1;.1.!_55?1:1 tre 19909 grs |asier “I'.‘Il: ard i!JE!I'ILErIl._.iI.lilIh!-. Rexes aricl '.Igl.—.': are froum the centeal rinjhl wrtaals l:'.'-.[.3.|l'.|§:; e
[Hamilion & Marae P985 Ore whale taeeed i 2000 has oo yvet been photeadenabied, and 3 diztinguished by an abbresiation
fear the gesecien | Fudalasen plagiafie) and the Jullan day on which the fndividual seas 1agped, Srandard errors e depths are shown
s prarencheses |

= R [ ] '('I-J.E"."{".'J ..'-El[j".l' ':'I']'Flﬂ'l:"'ll T "355|'I Lt BRI

Tale: b pritcie anele during ot ascent
wrhale: s pecerdl dpnmemil Tahe A% 1oy CeACeTiL e (mj
e kLT R L MY R i 1.13 37 i L
2209 (2] F 1.1} W.he 322 1
0T S e, ) 15 i]e k.0 3.8 1.8
1967 (16 yrs, 1 20 L.20 EEE CR B RS
[ 30% (adult 3 15 | {1l L B E
270 TL1 yrs} 5 3,40 4G5 by 73]
g0y 27 Py 1 o B L& Pl o
L T i | 715 i i LA

Fape. I8, S Lowd, 1 0000000



Rugpercy ond dingng vn pghl wiialer D) T Meowacek and athers 1S

tn their large size and proportionadely small contral
surfaces ( Fish 1997, 19993 Thus, even if a whale correctly
perceives a ship as a threat, a pasave axcentl may ineremse
the rizk of collision by compromusing the anmals abili v
o execute an elfective evasive manasenvre. The hyrdra-
dynamic forces mduced by large ships that  draw
submerged obgects inte the hull {Koowlton #f af 1995,
998" compound the risk of callision bath on ascent and
dlesieenl. T‘uguﬂml these phi:nl:rnl:n.a iy partl}' -:xplalm
why this specics 13 so vulnerable o ship sirikes. Gonrd
nuing experinents with this oew wool, tracking whales'
acoustic arxl mator behavieur in the presence of ships
fLe. the droumstances survounding eollisionsy, will hape-
[ully provide aseful information for the design of efleclive
ship strike micigation measures,
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Background/Tremises

To reduce the nisk of vessel collisions with riphit whales, three basic management
mieasures, denvatives and combinations thereof are proposed to address commercial
ships:

*  Routing vessels around high risk arcas.

*  Routing ships through 2 high-risk area to minimize travel distances of vessels and
risks of whale-vessel inleractions.

* Restricting vessel speed through high-risk areas

For the purposes of this repoit, a high-risk arca is defined as the convergence of cither
areas of high volume of shippine and right whales, or high numbers of whales and
shipping. -Aseas of high volumes ol shipping inchude designated shipping lanes, listoric
shipping routes and port approaches. Areas of high numbers of right whales include areqs
where right whales are aggregating, right whales are known to retuam in numbers en 3
regular basis, or ertical population arcas or habitats (e g, the calving grounds ofl the
Southeast U185 coast).

Impasition of these measures could he seasonal, or year-round and Tiniled to i specific
high-1isk area based on histonical occurrence and other relevant factors Imposition of
measures could also be mithiated upon the detection and # or predctan of right whales a
high-risk ares, and might remain i force until feht whales are ne longer detected or have
a low probabelity of remaining in the area. One or more measures could be imposed inan
overall management scheme for a given area

The suceess of the recommended right whale protection strateay s predicated on the
mariner being, educated on the seasenal distrilution and cecasional oeeurrence ol right
whales through cducation programs; licensing and personnel qualifications (e o, trained
buet not necessanly additional Jookows), inclusion of rght while information in key
required nautical publications, voyage planming requirements; and planmng for
emergency maneuvenny by testing steering gear, and ensuring that enpines are ready for
maneuvering prior to enlering right whale habitat - Several of our recommmendations
address these matiers,

Early onin our work, the ship stike committee considered v Huntary versus mandatory
measures. A dralt program calling tor cooperative agreements of v sty mcasures
between NMES and individial shipping companies was developed and presented 10
MNAMES and the shuppaee advisors of the Noctlcas lenplememntation Team  Tlis voluntian v
program was rejected as unworkable. Later, both lmplementation Teams noted the low
eompliance rate for the Mundatary Ship Reportng systenn The Cloast Guand has
renewasd edueanon elfons and dected Leld umis 1o cite vessels for non connpliamee
though their panl state control prosram, The low complimce rate (withour an aspressive
education and cilircement propiann ) supports the view that a voluntary pr o rarm wiolld
be unworkable  The low carnplinnee rate also under scores the necd for ASTUTESEIVe

education and endbreement i Bilure oS



Recommended long-term roubing measures conform to the International Maritime
Organization's General Provisions for Ship Rowting. The measures must not
madvertently lead to any situation that endangers a vessel or other vessels or (e marine
enviromment, For example, if a vesse] ie opetaling in a designated shipping lane
recomunended measures would not divert a vessel oul of the e I do however,
recominend thal NMTES estabilish a speed restriction of 10 knots in certain situations o in
arcas at certain times of year. This speed limit would be inposed with the explicit
understanding so as not 1o endanger the vessel o1 creste a navigation safety or marine
pollution hasard,

slowing vessels down 15 a measure that was tnittally considered as a measure of fast
resart because of the inherent yncertainty in the effectiveness and the potentiul for
umwarranteed economic impacts A py imary freus was on routing measures and detecion
of whales so that a mariner could steer clear with advance notice. Aerial surveys provide
a partial solution. The technology to provide adequate advance warning is under study
Right whales will accur in specific area unpredictably, in other areas within a particular
time window, They occu along shipping routes or lanes and cross port approaches
during migrations. In any cases, rouling vessels around kiawn or predicled nght whale
locations is impossible, for exatiple at pont entuances  The only viable option, then, 15 for
avessel toslow  The question then hecomes how shaws il what discretion should be loti
to the mariner. The conventional way manners are advised (o procecd slowly 1s found n
Rule 6 af the international collision avoidance segulations (COLREGS) Mariners are
required Lo procecd at "safe specd” In uncenain conditions: the diseretion lefl 1o the
mariner to decide what is safe. The mensure of "sate” is whether a collision is avaided

The manner does not know what safe speed is to avond aowhale, More npenlantly, the
mariner does not know a safe speed that may allow a whale to avoid the vessel or 1o
mimmize the impact of a collision. It is up to the resource agency, NMES, to make this
cull based on available mformation. This does not hoswever imply that (he mariner gives
up the discretion to drive the vessel safely.

There are three studies on right whales and vessol speed, none of which is definitive: all
are lacking: in many respects. Nonetheless, these studies do point (o slower vessel specds
being a factor i reducing wha le-ship interactions. Speed restrictions should be based on
the slowest sale mancuvering speed for 0 vessel and the slowest whale safe specd |
beheve these two speed parameters converge hetween 8 and 13 ks As lead author of
this seport, T find that I must choose among aptions. B knots, 10 knots, 13 knots. or leave
speed to the maciners' discretion | do not believe the latter option 1s prudent | would
defer if | thoupht additional studics on vessel speed and whales would shed more liglui,
bt | dos nest. There are too lew records of stnp strikes 1o study  The WIeCH aundy and
uriknowns of how an individya| right whale wall react to or be dogwn into « ship sugoests
that an answer o what procesely s a sale speed or each vessel ype is wvery, very far off

Alter listening to alf e argument s, there 1S 1o conseia: ar the tnatter of speed, T
recormaending tud NMEN determine that sife speed s (0 knots. Ten knats is af the
bawver end of what 15 safe Tor some lerpe vessels meny conditions A speed rashiiciaon



could be imposed as tollows: mariners limit vessel speed over ground 1o 10 knots or Jess.
50 as not Lo endanger the vessel or create a navigation safety or marine pollution hazard.
Thus, a vessel that cannot operate at 10 knols in certain conditions would operate at a
slow safe speed (defined in accordance with Rule 6 of the Collision Avaidance
Regulations (COLREGS)) at the discretion of the Master. Other qualifying factors
should also be established  a mariner could exceed the slow speed, 10 knots, Tor suitable
reasons such as search and rescoe, medical emergencics, storm avoidance, and adverse
weather/sea condations.

Finally, I considered the impact of such a speed restriction on vessels criler ing East Coast
ports. Afiera fairly detaled analysis, documented in previous discussion drafts, 1 find
that the typical worst case scenano would mean a planned delay of one howr for an
inbound vessel; most vessel operators would have to plan for less

Several "shot hund"” phrases used in the recommendations follow:

Vessel: all vessels engaged in commerce, with length greater than or equal to 65
feet or 20 meters, all commercial tugs and tows regardless of ength, and all
recreatiomal vessels, wath length preacer than or equal 1o 65 feet or 20 meters
sSome tugs are less than 65 feet, and tow larger buees or vessels and therefore are
wicluded i s delimtion. The one ship strike resulting ina fatal blow to a right
whale, a cull, where the vessel 15 identilfied was B2 feet. In this case. the fatal blow
was gol fraom the holl rather L was bom the propefler. There is evidence of vessel
stnkes by smaller vessels (scarringe on whales back) that could have been fatal i
thas happened to a calf. There is an argument that large planing vessels be exempt
because of therr aperating at a shallower draft, but this does not address the
problem of larpe propellers

Creagraphically-iargered re-routinr
Fouting measures implemented and adjusted on a short-term basis in response (0
contmually updated data and analyses of ight whale occurrences or ageregations

Regionalseasonal re-touting
Routimg measures implemented based on several years analyses of right whale
thistribution

Specd resteictions.

Requirement that mariners limit then vessel spred over ground 1o 10 knots or less,
50 as ool 16 [‘.HI’_{IH'IE{_',I the vessel or create a navigalion '4;|J'~:'1_1,- Or manne [n;uﬂmin“
hazaid., {Hher Bictors should be established so that a mariner could exceed the
slow speed, 10 knots, for suttible reasons such as search and rescue, medical

crpctiencies, stonm avordance, and wealher/sca conditions.
{ ;;"r”l:l,l'-"':'n'r' sive cnld a".'n'li;:-.".'_'-;.l" oAyl Afre o PESHICE s

Restictions unplemented and adjusted on a shorl-term basis in res WINSE 10
i |

comtrnsibe updated dotd and analyses ol nsehl whale accuriences or agielons
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Regional'seasonal sprecd restrictions:

Restnictions implemented on a longer-term basis (in some areas, several wecks;
i other areas, 3-4 months) based on analyses of several year of right whale
survey [ delection data

FPorl entrance and approaches:

An area ineasured trom the mouth of the entrance to a harbor along a line
generally following: the coast, and then approximately 20 nautical miles seaward,
In ports where there are mulliple approaches, the area would be defined by an arc
drawn from the mid-point of 4 fine acrass the harbor mouth. The Block Island
Sound entrance and approaches is defined as an area approximately 20 nautical
miles seaward of a line between Montauk Point, NU and Nomans Land, MA

The U.S. has the abitity to institute vessel-operating measures within the exclusive
cconomic zone, As a priority, NMES should look 10 instituting most of the recommended
vessel operating restrictions as @ matter of port entry. There iy precedent. Transting
foreign Mapred vessels would not he subject to these rules. This approach may requue
specitic authotizng legislation  Scveral of the recommenditions, in particular

mandatory routing and arvas (o be avoided in international waters, may require approval
by the International Mantime Oveanization {IMO) The question is not whether the U.S
hias the ability to protect right whales fiom ship strikes: NMFES, working with the .S,
Coast Guaic has demonstrated or indicated that they have or will seek authority botly
internationally and through Congress to protect right whales with due consideration of the
interests of the shipping industry, freedom ol navigation and international law,  An
iterpretation af the Endangered Species Act provides authority for imposing operating
restiictions on all LS, and forcign flagiped vessels. Be stronsly encosrage responsibfe

dyencies o start working on watters of dormestic and fnterrational authority us soomn as
possible

some of the measures recommended eguire additional studies  These are so noted and
clabsorated further in other sections of this report For example, several recommendalions
propose Lhe establishment of designated mandatory o1 recommended shipping lane{s) or
routes through critical habitat. These recommendations are predicated on the conduct of
a detiled nisk assessment to ensure actual risk reduction and 1o exanine alisrnments that
wiould minimize nsk o Iiy,]'lui whales In Lo, |_'|rr|pm;1]:~; that altec 5|1i1} routane TR LTS
that the Coast Guard conduct a Port Access Route: Study (PARS) in accordance with 33
USC 1223, mavipaton safety is the primary concern in these studies

T'here are several cecommended measures that could be enhanced by new technolopy or
improved methodologies For example, real-time passive acoustic detection may serve s
a virble resource in alertimge vessels 1o the oceurrence of reht whales alang o vessel's
rote,

There are recommendlanons o exanine nnproven teehnolsey that may or may ool hold
prrormise and Al ey s envirommental Hll‘!‘_\: |1rn|'||~_'=||:1_ foar lf:-i:ll'l'll'-lk_‘ aclive acoustic



(sonar) detection and acoustics deterrence.

Recreattonal vessels, vachts and senall passenger vessels for hire whose propellers turn at
high rpm can seniously injure or kill a young nght whale. I recommend that (he
Implementation Teams, NMFS, waorkmg with the boating, recieational ishing and
conservation communily, develop collaborative education and outreach progiams, and
regulations for tasgeted speed restrictions,

Finally, several recommendations address 11§ Naval operations in the Northeast 1 8§
(Hampton Roads area and narth) and other maritime operating agencies, specifically the
LS. Maritime Administration of the Department of Tiansportation and the 11 §. M; litary
Sealifll Command. Naval operations represent 5% of the total (eatfic moving in and out of
the Chesapenke Bay. The U.S Maritime Administration (MARAD) bases part of its Meet
i the mid-Atlantic avea 'The U.S Military Sealift Command operates 28 vessels in the
Atlantic area. This represents a significant volume of traffic.



Summary of recommendations®
*See Appendices for rationale and amplifying information, and detaited discussions,

Vessel aperating restriciions

Dynamire Marmagement Areas: Establish a regulatory mechanism applicabile to vessels
operating along the LS. East coast north of Port Canaveral, Flonda which would engble
the apencies to impose measanes, including geographically-targeted re-routing and £ or
geographically-targeted vessel speed 1éstrictions. Enhanced aerial survelllance
techniques, expanded surveys, and other means of detection, for example regl-time
passive acoustics, will increase the effectiveness of this measure. Legislative authority
may be required  See Appendie I for rationale and amplifying information and the
recommendations on Research, Studies emd Projects,

Llesigniate the Cape Cod | way critical habirar as a seasonal arear (o be aveided (ATHA).
Eflective dates could be determined based on historical data and other faciors.
Lxeeptions could include vessels provadimg fuel oil und ferry service to Provincetawn
MA, subject to operating restrictions for example daytime transil, posting of lookauts. o1
speed 1estnctions; also, vessel operators must have access Lo real timne whale sightings
and be familiar with the high use arca and seasonal presence of whales  Desigration may

require a PARS

Desigriate the Boston A pproach shupping leene as a mardeiory reude, and designate the
Cireat Sozth Channed pishie whale critical habitat east af the shigping lare as an area to
bre aviidid (ATEAL Vessels allowed 1o operate i the ATDBA could mchide fishing
vessels subject 10 operating restrictions for example posting of lookouts ar speed
restrictions. Also, vessel aperators must have access (o real time whele siahtings and be
tamaliar wiath the high use area and scasonal presence of whales. Both designations will
be subgect to a risk assessment, possibly a PARS, and may require approval by the
International Maritime Organization. Legislative authonty may be required  ‘The risk
assessment 1s already funded,

Islablish a seasopal management area to ercompass parly of e Boston Approach Sea
Lame fo the wesi, east and south of Race Point, (e e Cod, MA. This is a igh-risk area
during the departure of right whales fiom Cape Cod Bray after their wanter-feeding in the
Bay and the subsequent dispersal of right whales 1o the Gullof Maine, iclading the
Grreat South Channel Vesscls would be required ta wvord this arca o transit this area at
na more than 10 knots Eflective dates could be determined based on lhestonical data sl
uther fuctors. Lemislative atthority may be required. Designation may require a PARS.
bplementiiion and enforcement would be a condition obport entry . See Appendix H (or
rationale and amplitying information

Estadlish seasorl managienent cieas at mgor port entaices vl cipsrsvoachies o
Black Islied, BY. soush tor and incluching Seweomsods, 604 Poil appraaches we high-nsk



areas during the morthern and southern migrations of right whales fiom/to the Southeast
critical habitat when right whales crosg port entrances. Vessels would be required 10
appreach ports from approximately 20 nautical miles to the har bor entrance al no more
than 10 knots. Lepislative authority may be required Designation may require a PARS,
Implementation ani enforcement would be a condition ol port entry. Sce Appendix 11 for
rationale and amplifying information, and the recommendations on Research, Studies and
frojecis.

Establish mandatory o desi amated recommended routes for the Jrirts of Branswick, (GA,
dacksewville, FL and FFervianding Beach, FIL. Deep draft north-south trafie would be
required ta slay cast of the critical habital and areas of tngzh right whale occurrences with
the exception of coast-wise tug and barge traflic, large recreational vessels and small
prassenger vessels. These shallow drafl vessels would be subject tor operaling restrictions
for example speed restrictions, also, vessel Operators must have access to real Lme whale
sightings anel be familiar with the high use arca and seasonal presence of whales These
designations amd 1 estrictions in conjunction with the speed restriction below, preclude the
need o manage this area using the dynamic management area mechanism Fach route
would be conditional on a tisk assessment to dete rmine impact and recommended
alignment and a PARS. Lepislative anthority may be requacd This cecommendation
may requare appiowval by the International Maiilime Chanization. The nsk assessment is
ahieady fanded Lead awhors note: [ forward this recommendation with reservations
See Appendix U for ratiosale and amplifyving informalzon.

Fstablish a seazoncd 10 -Jaror speed resiriction for vessels calling at the poris af
Brinswick (A, dereksanville, FL ard Ferrandin Beach, 1L This restriction in
Compunction with the desipnations and vestrictions ahove precludes the need o Manage
this area nsing the dynamic tmana pement area mechanism. lmplementation and
cnforcement would be a condilion of port entry. Legislative authority may be required
See Appendix 11 for rationale and amphiying information

Weguire for cach reconipmended measure ahove that cach vessel priow fo ereringe critical
halitar or dvaiaenic or seasomnal MARAgement area, check steering, cusure engines are
ready for maeeverisgs, and post iramed lookosty (ol necessaridy additional loofkoits).
Legislative authonty rmay be required. Implementatien and enforcement would be g

cornd iion ol poit cntry

Stnelid acousticdsonar-deiecion technol By prove effective and enviromentadly safe and
hecome avallable, NMES showld offer use Of thes equipment subfect o cortain conditions
v et aprtvon, destead of rowtog around or stowine An mproven techmology that s
currently under research and development is a vessel-mounted forward-looking active-
sonar device. Port authorities and the nppang industy have cinbraced the CONCept as a
technologe solution mstiad of or in addition to otler management oplions Government
Acoushc expents have examined the use of active somir andd have dismissed the approach
a5 unworkable  However, belore additional funds are cxpended on this R&ED . an
evaliation of concepl review should be contacted hee rescarch recommendations amd

Appendas TV



Voyage J'?.Irmrm'.lw, personnel r.rm:.l'fﬁnm"fnns, nierchant m.rlrfrmr.g'_duc‘nrfrm

Develap voyage planning guidelines for domestic and foreign flagped vessels calling at
LIS, east coast poris_for ieclusion in required vopare planning documentation, and
marnirgr standards crd qualifications as appropriate. The International Chamber of
Shipping publishes a bridge manual, which may be a good vehicle, in addition to other
TS,

Work with the [1S Coast Guard and IMO on merchamt personnel qualifications io
address protection of the cavirommens and endanpered / protected species, inclucding the
North Atlamric right whale,

Lnsure that relevant information and requirements are inclucled i equivalent recuared
charty ancl neutical publicaiions, mcluding British Admiraly publications.

Develop a merchant mariner education pragrant as part of the ship sivike Jroman,
Merchant manner cducation must be an integral part of the implementation strategry and
program management plan

Recreational vessels, pachis and seeeatll prassenger vessels for hire {Vessel propellers

turnang at lngh rpaon can casse seroas impury to or death of a young right whale, )

Lrevelop an education and outreach program iargeted of large recreational vessels,
yerchiy ancd semadl peassenger vessels for live. 1is essential that o wners and operators be
made aware of the vecasional ageregations and seasonal vccurrence of nphts whales in
coastal areas, in particular thase operating from the smaller coastal inlets Vessel
propellers turmnge a1 high rpm can tear apart a young nght whale. Develop of tight whale
eddication programs in collaboiataon with one or more regional or national conservation
groups, the Coast Guard Auxikiary, the US Power Stquadron, and spont fishing

assacialions.

the tmplementation Teams, NMES and the Coast Grard should work waeh siate boating
safety lenw admmistrators w develop and fnstitiste programés) of geographically and
seavonally targered speed restrictions.

LS. Newy operations

Thit 88 Neowy shosdif conelivet a Xoctions 7 consaltotions en siaveel epparaticants {ooar cand seal
Jor areas opder the perisehiction of NAVEN Nowthoost Resaor. DolYs Atlaatic leet
mantee opesations pase potential adverse impact on oghl swhales and hompback shales
of U the mid- Adlantic const. Recent ship-staike data compiled Trom a vaciety of sources
including the New England Aguarwon, the manne mammal stranding netwaorks, and the
Sutithsoman Tnstitution's Marne Masumal Events Propeam (MMEP), dentily as sy a5



wine fatal humpback whale ship strikes and five Gatal riehl whale ship-strikes in the
Virginia Capes area in recent years. The case records substantiate the requirements for
immediate {lect-wide remedial actions, and consultation with the National Marine
Fisheiies Service. Recent studies have identified the Virginaa Capes area as a winter
feeding ground tor juvenile humpback whales, an endangered species The
responsibilities of the Northeast Implementation Team include humphack whales.

Theie s a beliel among a range of par ticipants that the Navy's policy not to conduct
generic consultations, sather to approach "these matters on a case-by-case basis” does no
work, now is it consistent with the intent of the ESA. In spite of written assurances by
PobD leadership on belull ot the Navy that the Navy would assess Naval operations and
institute "appropriate remedial act tons," there is no obvious record of an assessment of
inpacts of Naval operations in the Norfolk / Hampron Roads arca and certainly no record
of resulting remedial actions.

The P-.:-'m[r stienled 15sue specific operaiing procedures for vessel aperaiions i the Norfolk
Al lamipten Koads area simnilar o these issued for operations erfl the Sontheast ULY,
Naval operations represent 5% of the todul tratfic moveng in and outl of the Chesapeake
Bay. The U.S Military Scalifi Command operates 28 vessels i the Atlantic area This
represents a signidicant volume of trafic.

The Nevvw showld issuie Pecific aperating procedires for anr apseretiions for ity Brumswick,
M Naval Air Station similar 1o tiose tesued for opérations off the Southeast ULS This
recommendation should address practice bombimg i the Culf of Maine, pre-bombing
swveys, education of regular and 1eserve perscinel m nautical references. Wrilten
procedures and cducation should indude at a minimu consulting the Coast Pilot sand
Notice to Mariners on seasonal distiibutions and real-lime accurrences of right whales,
nenal survey technigues 4t praper altitude aml speed) Alternative baanling ranges
should be examined

UL, Pepartment of Transportation, Murifine Advrinistration (MARA D)

MARAD should conduct a section 7 consultation for the operation of its inactive Nationel
Defense Reserve Fleet located at #11 Erestes, Virginia {eonducting periodic sea trials off
the mouth of Chesapeako Beay), cnd its ewrhiy six domresticatly—siationed ships apcrading
off thi ULN. cast coast, Ths ceney showld posticipete on the Irpfenrcntation Feans

The VLS. Military Sealift Corupaand (0 LNC)

MESC showfed cordict a seceion 7 r'rur_x.'um.-rmn_fm e opsdcttiens aof 28 vessels ot opperetios in
thae Adlantic area. This agency shoubkd perticiprate o e fmplemeirteizon Teams

Research, Studivs and Projects (See Appendi IV Tor detailed discussions)

Regronied risk assesswrerss. Conduct tisk aseesaments ofF the Southeast US i the Great
South Clizsnned and Goll aof Maine 10 deter e oy meany wessel miles con be removied



from the high density whale areas by safely routing ships into and out of whale areas
using the shortest route possible,

Economic impact aralysis. Conduct more detailed treatinents of port-specific economic
eflects by enhancing and providine more accurate data inte a model currently under
development.

Assess tempored emd spasial exrene of the naid Atfantic migratory cordidor. Analyre
cxisting data and survey data from tarpeted surveys and other surveillance techniques to
determine statistical probabilities of occurrence (time and location) of right whales du Iy
migrations off port approaches from Block Island, I to Savannah, GA Additional aegial
surveys may be necessary,

Titegrate all available iRforrtation into a maragement spstem. Continue and ex il the
ongoing development of a comprehensive information management system using,
Creographic Information Systems (GIS) software This systemt will be used to monitor the
health of the population and the efficacy of and effectiveness of managemenl measur ey
designed to reduce human impacts on whales

Merchant marinier education. Continue, enlunce and accelerare the develu prnent of i
program and outreach stratery to assist mariness, warld wide vavage planning,
qualificattons ard licensing programs, and in shipboard safety managenent plaonniag

Kight whale deteciion researchimonitorig

*  Lxpand aerial surveys to cover port approaches from Block Eslinid sound, Bl to
Savannah, GA

*  Dvaluate and improve the effectiveness of acnal survey lechniques

«  Continne passive acoustics detection research and investioate automation of 1 real-
e systen suilable tor deployment offghore

»  Contite research into the hiological and oceanuperapme ‘prodiciors’ of right whale
distribution tn surtable scales in support of an "exper! system” to proecdict nght whale
vccurrences i hieh sk areas.

« Evaluate the effectiveness, methods and safety (fo the animal) of satelliie lagging and
W appropriate develop and implement a program to address specthe information gaps
on the occurrence of rghl whales in high-nsk areas

Riglet whade belivior i relation fo ships Develop a research program to nnprove the
understanding of how nght whales react to approaching vessols  Charactenistics of
changies in a vessel's sounds may enuble a whale 1o hear an approaching vessel 10 realise
that there s a theeat of a collision. From revicw e anccdotal evidence about i whale
reactions o approaching vessels, it scems that some right whles may be reacting 1o
changies i the sound cmanating fonm the vessel. Tor example, small changes in propeller
spreedd o pitch (for variable pitch prepetlers) or small changes i the peddes anely

Acrive somcur elvioctione: evalcdion of comcept pr oo Belore fianber discassion on s
povtestial use of this techisdogy, the prachcal appheation of acteve somn detection needs

it



to be realistically presented, including, for example, realistic time frames for the requined
technological development and careful consideration of possilile envirommental Impact s,
Several researchers have advertised an unproven technology that cowld detect right
whales abead of ship using active sonar. Port authorities and the shipping mdustry lave
embraced the concept as a technologic solution instead oF or in addition 1o other
management options.  In contrast, acoustic experts have examined the use of active SOMAT
and have dismissed the approach as unworkable

Moriariity:  Assess propeller cuts (o determine if vessel size can be estimated.

B
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Hecord of meetings
20 May 1999 NEI'T ship strike sub-committee meeling Bosion, MA
1 December 19390 brieling to Bostom Port Operators proup
22 March 1999 NEIT ship strike sub-commitice meetmg, Boston, MA
5 May 2000 SEIT mecling (initiated southeast cllorts), Brunswick, GA.

10 May 2000 briefing to Portland Maine Port operalors group & City of Portland port
director.

24 May 2000: oral presentation to Marine ransportation System Advisory Council,
Alexandiia, VA

& June 2001 briefing to North Atlantic Port. Authorities, Inc., Portland, ME
13-14 July 2000 meeting with Bath Iron Works, and Brunswick, WAS
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toiolk Vi

L3 Drecomber 2000 NETLT shigpr steil e commuttec maceting, Baston, MA



13 December 2000: presentations to National Association of Maritime Chgamizations,
Bosion, MA.

28 February 2001 SSC and NMTS liaison meeting with Thames River C oalition, New
London, CT

10-1T April 2001 : Ship Strike Committee workshop, Coast Guard Academy, New
London, C1
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7 August 2000 55C meeting with Jacksonville Harhor Safety Comnmittee, Tacksonville
Port Authoraty



Appendix I
Dynamic Management Areas (DMA)

Rationale and amplifying information for recommendations on vessel operations:
apsregations of vight whales

A. Obijective: To reduce the risk of harmful whale-ship interactions when right whalu(s)
are tound aggregating in an area by
*  Reduemg the probability of whale-ship interactions (by Le. routing
ships away [rom whales')
* Increase the probability that a whale-ship interaction (by slowmy ships
down o 10 knots) that will-
@) not harm the whale, or
b} provide the whale the opportunity to react with sulficient time to
avoid the ship, or
) provide the ship the oppontunity to sipht whatles and react with
sullicient tme to avoid a whale or group of whales.
B. Trigger: Right whale(s) are determined 1o be in an arca with vessel traffic gl
whales are known to aggregate when foraging and / or feeding, and i courtship grroups.
These apgregations have been seen as far south as New Jersey, Block Island Sound and in
tuoughout the Gult of Maine, including the Great South Channe Courtship
aggregations are occasionally seen in the southeast 1.5 Resident smathen fealt (new
boriy) pairs of right whales have been found north and east of the designaled critical
habitat in the Southeast U.S.. for exaimple off the approaches 1o the ports of Savannah,
GA and Charleston, SC
NMES has cstablished criteria for dymamic aren management for fisheries
closures to prevent entunglements when feeding or foraging whales aie detected in the
MNortheast U.S inan April 2001 veport “Lefinivyg Trigeers for Temporary Area Clusures
toy Protect Right Whales from Entanslements- Bssues and (Jptions,"  (Mortheast Fishenies
science Reference Document 01-06). Aspects of this approach may be appropriate Lo
prevent ship strikes wilh several exceptions as noted. This study is based on nght whalcs
in the Gult of Maine area, and its applicability to other areas should be used only as a
il e to assist in delermining residency of npht whales in an area
Vessel aperataing restnictions shall be imposed inan arca when three or more riythi
whales are abserved resident in an area of size such that the npht whale density in this
area 15 0 04 right whales par nmn” This equals four nght whales observed noa 10x10 nm
squaie Operationally, this may be applied as follows
EooA resident nght whide is defined as a right whales determined 1o be actively
teeding or ina courtship proup. Observation of 4 dense patch of rgzhi whales'
primary food, the copepod ealerney, 15 pood indication thal neht whales are
resident inoan area  Successive observations obviously indicate residence.

I - +

Roubing vesseds avound arens where whiles are knosl or determined Lo be focated in ageeegation o
densibies o arcas of we Enawn wlhels aggrepations or lower densmes will reduce the prabalality of whilc-
vessehamerenons  Theee are ooy crcamistances owever i Feting vessels s oot an optiion. The araly
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does not appear that residence is not exphicitly defined in the trigges
mechanism fon Nisheries. For exanple a foraging whale, that is 4 whale
searching for food . will not necessar ily remain in a specific area, whereas a
feeding whale is likely 1o remainin a management area. The concern is that
the hasas for the seience center™s analysis should be used only as an indicator
of residence Other factaes should he considered, iCavailable.
A circle of a radius equal (o theee nautical (nen) per animal shall be dravn
around each individual sighting. This radius will be adjusted 10 account for
the numiber of animals seen in | he stzhting, so that the density of 0 04 animals
per nm’ s maintained. This is a nonfinea relationship (the area is ciccular) so
that to maintain this density, the radius of the cirdle for a sighting of a single
animal would be 2,77 nm, for 2 whales in the sighting the radivs would be
399 um, tor 3 whales the radius would be 4 .89 nm, and so on__
3 Wany circle or proup of contigzuous circles includes thiee or more ammals,
the area shall be a candidate for dynamic AT e ment,

-2

Phaving identified 2 grovp of 3 or more resident right whales as candidates for
protection to adequately protect these animals for the duration of the event, It 18 necessary
o expand the onginal area o sighting to provide a buffer for movement within the DA
Determination of residency is of course subjective. This will define the actual DM A, and
operationally could be applicd as follows:

) A bulTer zone of tadius ol up to 15 am. shall be drawn from the boundary of

the mdividual sighting aren trigeering a [DMA

2) The DMA shall then be defined by cast-west Uattude) and north-soull
{longitude) hnes, which demarcate the outer periphery of the defined circles

fxceplions-

1) When two ar more animals are seen achively feeding on a pateh of food ina
desipnated shipping lane o DMA. shall be tnposed. Rationale: Actively
feeding rpht whales are believed o be the most vitleerable. Designated
shipping lanes cany mose shipping traflic and therefone the probabdity of
whitle-ship iateraction is higher than other areas

21 When u non-miprating mother/call pair is sighted within 15 nm of shipping
lanes, and no othes opecaring restrictions apply, a DMA shall be unposed.
Maother [ calf pairs are the most vulnerable (they are restricted in their abilities
Lo mancuver) and mitire breeding lemales are the mosl critical to survival of
the species. Non-migration could be defined as any time aler the northern
mugratiom from the Soutlisas) calving grounds to the Great South Clhannel
area

3} Acsingle right whale when in the immediate vIcinity of s pert enlrance or 3
Povtanea, o o neer the enlrnces to Cape Coil Canal. may tregeer o DIMA
or imposition of eperating resiction by the US Army Corps of Bngineers
e g, the Cape Cod Canal) or by the Coast Guard Complianes by a vessel
willl the S0 vard ao spproach nile 50 CFR 224 107 U Create o navigation
saliely hazad

G Propased vessel operating restrictions in a DMA  The responsthle apency would
IIIIIEZIU.‘Q\'.! CINC O et amensun o5 thet conld illiillJL!L.‘l l$r I.'J-;.'.I.Iﬂrlh' 1) catabbishiment of 3




temporary area to be avoided, and / or 2) impose a speed restrictions (o 10 knots speed
for vessels unable to avoid the area: o 3) provide the eption to the mariner proceed at 10
knots through the area in licu of avoiding the area. Manners would alwo he required to
check their steering, ensure thar their engines are ready for mancuvering and 1o post look-
out{sh (not necessarily additional persons) familiar with spolting whales.

D. Regulatory Approach and Notification of Mariners: As (he [ead Federal agency
that regulates ship operations, it would be best that that the Coast Guard be the regulatng
agency. NMFES would make a determination that a DMA 15 necessary and request that the
Coasl Guard impose and enfonce these restrictions, We also sy gpest that NMFS establish
a dis.r.:l'etinn:ary consultaten process with the purpose to coordinute gdvice on geographic
extent, estimated time limit and specific imeasures. We propose that NMES and the Coast
Guard model the regulatory approach to that ali cady used by the Coast Guard to impose
operating restrictions on veszels on an emergency hawis, an emergency safety zone, sce

33 CFR Pant 165, This eencral mnthority extends through the contguous zone and is
somewhat limited in its scope, unless specifically amended (An interpretation SUECSES
that thas authonty, under the Ports amd Waters Safety Act, dows not apply to the i
protection of nght whales  This authority was spectically amiended (o unplement the
MSR, and in this case in waters bevond the contipnous zone ) Detailed establishment
procedures, geographic coordinates. seasonal occus en e, vessel operating sequirements
and general regulation, notification, shipboard log keeping could all be specified

E. Implementation and enlo reemennt: Unble NMFS' Dvnamic Area management
program for fisheries. direction of shipping can be aceomplished relatively quickly-—there
I5 no gear in the water, no gear to resel. A vessel can sull move ciargEo or get from poimnt
Ao point B Existing communications systems can be used to teluy the order or rute 1F
used in combination with other measur ts, tor example mandatoey shipping lanes and
arcas to be avolded, detection and emerocney actions need unly focus onfadjacent to the
lanes. Port authorities, ships' agents. national and international ndustry associations, and
pilots associations shaild be partners in this educalion  Couast Pilots, British Admuraliy
publications, and Port Guides o Entry should include information on the necd for
manners to be alert 1o emergency Dynamic Management Arcas Reeolar Coast Guard
poit=state control boardings could include examination ol ship's loes and random checks
of these logs by NMIS and NOAA personnel shonld sulfice (Mariners are vepired 1o
log course and speed changes)  Sovereizn immune vi ssels, and foreion flagged lransiting
and not calling al any U8 port would not be subjeot to this measure

E. Note: There may be circmmstances when vessels will be unable 1o avoid an ares of,
reduce speed  for example, a deep-draft vessel m harbor approaches when other vessels
are in proximity, or the chiannel is restricted e g, depth), the seas, current and winds are
unlavorable and pose o navieation safety sk, The uloimate decision on the findhnge of a

vessel, a8 always that of the master o0 mite onowatch  Another example s when a vessel

wsan adesignated shipping lae, o this case a manisness only spton veould be to slow



Appendix 1
Scasonal Management Areas (SMA)

Rationale and amplifying information for recommendaiions on vessel aperations:
predictable seasonal ocourrences of right whales during migrations

A. Objective. To redoce the risk of harmful whale-ship imteractions when right whaledy)
arc predicted to seasonally oceur (e g, when migrating) in a specific geographic area by

I, deorcasing the probability that a whale-ship interaction by slowing ships down
to 10 knots or less.

2 providing the whale the opportunity to react with sufficient time to avoid the
ship, and / or

3. providing the ship the opportunity to sight whales and react with sufficient

~ time to avoid a whale or group of whales
B. Triggers: Righl whale(s) are prechcted {o occur seasenally when pugraling across or
through designated shipping lanes or port approaches. Rather than the density of night
whales in an arca determining the need to impose vessel- aperating restrictions, the
motivation is the relative high density of shipping coincidental with known migrations of
nght whitles Three nugrations ot concern are dentified:

1}y The departure af nght whales fieen Cape Codd Bay alter their wanter feedings
iy this arca and the subsequent dispersal of nght whales 1o the Gull of Maine,
including the Great South Channel  Thas departure of many animals often
cocurs abruptly over several days in mid to late Apnl In leaving Cape Cod
Bay, mehl whales cross the Boaston Approach Sea Lane. A GIS study is
currently underway to study/map this departure. Witl this information, 4
probable geographic range through the sea lanes, approximate duration of the
dispersal and mean date and duration for the dispersal with a high confidence
level for cach, can be deterrmined

2} The noethern meerahion of nght whales lram the Soatheast cntical habitat as
Iiglll whales cross port entrances. As Imany as W cnedavadual :i:t{hl whales were
veen i the Southeast calving erounds in the winter of 1996 migrating
norbward in late winterfearly spring. Good information exists on the dates
whales depurt the southeast and armve i the northeast Tagped whale data
and opportunistic sightiegs provide mloomaton on speed and some
informaticn an path. Vessel sighting data in the mid-Atlantic area (rom Block
Fslamd Scnend 1o and including, Savannah, GA is sparse or absent Statisticians,
Crld expenrts and others consolled believe that o model can be constrocted that
can predict the mean date of the peak ocourrence af right whales at pont
eprrances  The peak date in any green year could be estimated with a high
d:::-_iju*[! ol conlidence based on real-time observations as |m|5,,_- asz zurveillance
levels i the northeast and southeast are neantamed. Theorencally then,
seasonal vessel operating restrictions could be imposed for jro EI-E'.-|'II'I.,'|£IE|1L“.':
around the peak date of mugration past cach port. The peopraph:c extent 1z
pare proldematic. Survey data or the mid- Atttz s virtaally alisent
However, records of oppottumshe suhtmges and tracks of tageed whales iay

provide selicient wfomation to cstablish o 2omes, sesearchers at the New



England Aquarium estimate thal ns many as 85% ol migrating whales arc
within 20 nm from the coast. Statisticians and others are warking 1o
determing the confidence level we can attribute to an analysis of these datg.
3} The southen migration of reght whales 1o the calving grounds will inchade
pregnand females, as well as other adults and juveniles. The departure time
for animals leaving the northern ares is not a5 wall tdentified, however arrival
time in the southeast is fa ily well documented A caleulation based on fravel
speed might allow for a peak probability of migration past mid Atlantic ponis
A similar caleulation for the geographic extent can be imade, and it 15 not
expected to be dilferent than for the southern migration.
C. Proposed vessel operating restrictions: The responsible agency would notify
mariners that on or about a certain date, for a specificd period and in accordance with
published repulations that a speed testriction Of 10 Knots is in torce. The exact dates
could be hinked to real-time sightings. Mariners would also be required check their
steering, to ensure that their engines are reaty for mancuvering, and to post look-oul(s)
faouihar with spotting whales (not necessarily additional persons) This process s akin to
the Coast Guard's regulated riavigation area
D. Regubitory Approach and Notification of Mariners: As the lead Fedeal apency
that repulates ship operations, we propose that the Coast Guard be the regulating agency
Inour view, NMFES would make a degermination that 2 SMA is necessar YOI @ arca and
request thal the Coast Guard impose and enforce these restrictions. We also sugpest thal
NMFES establish 4 discretionary consultation process wilth the purpose (s coordinate
advice on the date of inplementation, estimated duration and estimated it and specific
measures. | he peographic coordinates and approximate innposition dates would be
published in advance in regulationis) with specific imposition subject (o detenmination
by WNMFES and the Coast Cruard, with subsequent notification th ougl eeguliar notice (o
maiiners and NAVTEX. We g opose that NMFS and the Coast Guard model the
regulatory approach 1o thag alveady used by the Coast Guard to unpose operating
FESLIICTIONS on vessels in a specific drea on o regular or permanent basis, a resulated
navigation area (RNA), see 313 CFR Dat 165 This peneral authority extends throueh the
contiguous zone and is somewlal hmited in its scape unless speaifically amended {An
nterprelation sugzests that this authaor iy, under the Ports and Waters Safety Act, does
not apply to the protection of right whales  This authorty was specifically amended 1o
implement the MSR, and in this case in waters bevond the contiguous zone ) Detailed
establishment procedures, peographic coordinates. seasonal oceurrence, vessel operating
requitements and general epolations, notification. and shipboard log keeping could all be
specified
A comprehensive merchant mariner cducation progeam wall be essential, Mol
authorities, ships' agents, national and inlernational industry associations, and pilots
assucutions should be pariners in this education  Const Pilots and Pore Guides to Fotry,
and equivalent foreign publications and charts should metude information on the need fos
maniners (o be alent seasonal mandpement areas. Regulas Coast Guard port-stare contrel
boarchings could include examinat o of ship's lors and random cleck of these logs by
NRES and NOAA persomnel should sylfee (Marmers are required o log course and
speed changes )




Appendix IT1
Southeast U.S. Calving Area

Rationale and amplilying information for vécommendations on vessel operations:
hamagement measures off the Southeast LS. coast from Port Canaveral, Florida to
Just narth of Brunswick, GA

Ten scasons ol sighting data were compiled and superposcd these on nautical
charts. The data used are not corrected for effort (sightings per unit effon, SPUE), as the
SPUIE analysis is not yet complete For the purposes of this report, a conservative
approach was chosen 1o determine the approximate geographic extent of operaling,
restrictions. These of course should be reviewed as the SPUL imialysis is completed later
thus year.

We Tound that, based on the occurrence of whales to the cast of the critical
habatat. operating restrictions could extend to 80°55' W off Brunswick. 8 3 miles east of
the critical habitat near buay "28"; 1o 80" 57 W oft Fernandina, 7 miles east ol the
cntical habiat off the St Mays Bntrance; 1o 80° 57 W olf Jacksonville 7 miles cast of the
castern approach to the St Johns River, and extending tive miles south of the "1z or the
existing southern limit of the "15 miles from the coast exiension” of the critical habita (
30°15'N) 10 30° 10'N.

In order [o determine the time delays impased by any routmg andfor specd limits,
we spoke to the Brunswick Bar, Cumberland Sound and St Jolns Bar pilols association
to understand vessel approaches, pilot boarding points and vessel speed (8-10 knots) for
boarding pilots. We also reviewed an extract of data from the mandatory ship reporting,
system and lhund average speed (15 9 knots) and meddian speed (16.5) and the range of
speeds (7-22.8 knals) for vessels entering the MSR area The MSR area is bounded ta
the east at 81"51.6"W

We then laid track lines to the pilot boarding poines for a NE, I and SE approach
to each port. We defined a "moamum® delay using Jacksonville as an example. The
worsl case was the imposition of a single castern approach to minimize tavel distance in
the critical habitar (and taking into account fish havens) and a seasonal speed restriction
ol 10 knots (so as not 1o endanger the wessel) (o the pilot boarding pomt. We assumed
the vessel would ordinarily travel at 20 knots right to the pilot boarding point (note tha
the average and median speed as aboul 16 knots, and that vessels take & mile or 50 to slow
therr speed)  The maximum delay time is aboul an hour for an inbound vessel

Lead authors note: | forwind the recammendation bn mandatory roules with reservations
The misk reduction from munimizing travel distances may be minimal, as transel disfamnee
throwgh historic ight whale habitat is relatively small. Current port approaches crogs:
that 15 the approaches 1o Fernandina cross the approaches to Brusowick amd Tacksonville
Alier studying the channel aligiments Taeation af deep water and the arca need 1a
establish manditony routes in acecndznee with the General Provicons for Shap Beouning
may raise navigation sufety concerns
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Appendix 1Y
Research, Studies and Projects

Detailed discussions

Regional risk assessments. Rask assessments olf the Florida and Southern Geor pia
coast, in the Great South Channel and nonth of Cape Cod, Massachuserts will be used (o
determine the probability of interactions between whales and ships for each area by

while behavior, scason, and shipping traffic characieristics and to determine how many
vessel miles can be removed from the high density whale arcas by routing ships into and
out of whale areas using the shortest route possible, or routes in general. Navigation
safety, port aceess concerns and competition with other acean users (e.g [isherman) must
be assessed as part of or in support of cach assessment, I for example, a risk assessinent
finds that a particular route would reduce risk, the Coast Guard would be required to
conduct a port access route study, in order to ensure safe access routes lor the movement
ol vessels  navigation safoly 15 the pramary concern in these studies This is partially
funded by the Noatheas) Consortinm,

Assess temporal and spatial extent of mid Atlantic migratory corridor. Analyze
existing data and survey data from targeted surveys and other surveillance technigues to
determine statistical probabilities of occunence (time and Jocation) of right whales during
rgrations off port approaches from Block Island, B o Savannah, G A Survey effort
and photo s data from the mid Atantic are sparse, however, animals are often sighted
witlin the same year in the southeast in the winted/early spring and in Cape Cod Bay or
Great South Channel in the spring. By looking at these two data endpoinis and factaring
i specd of travel long the coast and distances to major port entrances, it will be possible
to assess the time frame that the majonly of these ammals would be passing by the major
port entiances along the mid Atlantic and to see low much this ime frame could vary on
an annual basis An assessrnent of available survey effort, satellite tagsnms: data, and
photo id records from the mid Atlantie should alsa be made 1o determine whether the
geograplic extent of tas migratory corndor can be well dehned .

Economic impact analysis. Conduct more detailed treatiments of port-specific economic
elfects by enhancing and providing more accurate data into a model current ly under
development  An ongoing project is examining economic impacts of risk reduction
strategies on the regulated industrics. These economic impacts may ullimately extend
down the supply chiin ta consumers. 10is therefere important for reeulators and others o
understand the complexity of the shipping industoy and 1o consider the potential

ceondimic unpact before implementing management options For example, many shipping
compames are foreign owned, port authorities have limited manazement control over
vessel and waterfront activities {except those managed directly by the port authonity),
management practices amd labor contracts pat pressure on schedules and on masters that
have nipple effects  The effects may translate across transportation maodes, may afleet the
enbire Bast Const and may extend to infand distributors and manulacturers The shipping
sty and associated inter-maodal transportation {truck, ral and E"if":“"‘-':' cotld menur
additional costs due 1o Lhe management measures under consideration This is



considerations have encouraped several research Broups to investigate passive acoustic
techniques for detecting rnght whales in such areas. Some of this passive-acoustic
rescarch has proceeded on lwo fiont s, Developing an ellective detector for right whale
vacalizations, and assessing vocalization rales and detection ranges In addition,
simulations to explore the effectiveness of potential acoustic systems are planned  These
studies will simulate detection rates and risk reduction given assumptions (and
mereasingly data) on vocalization rates, souree levels, background noise, and right whale
and vessel distributions, Due to the low and mtermitlent vocalization rates in the GSC, it
1s already clear that it will never be possible ta give aceurate up to the minute inforrnation
on the locations of right whales. On the other hand, it may still be possible 1o provide
useful information on a larger temporal and spatual scale. Fou instance, if whales were
heard predominantly in one particular arca one day, it is likely that they would still be in
the same area the next day and diverting ships away from that area on subsequent days
may significantly reduce the probability of @ strike. In situations where there are a large
number of unknown PATAMICIErs, & comumin practice is lo develop a semulation, which can
be easily (and relatively cheaply) manipulated 1o study the efTects of ditferent detection
systems and management strategies on the numbers of vessel steikes. Simulations ean
also be helpful in priontizing future data collection effort, For example, developing a
beter understanding ol day 1o day movements of groups of animals may be as inportant
45 HMpIOVING our knowledge of their vocalization rates and detection FAnes. As
improved information oq tight whale behavior becomes avallable, it can thea be fed Back
into the model to improve its effectivencss. Such a simulation need not neeessanly he
confined to acoustic monitonng, bt could alse be used 1o study relative mernits of acrial
survevs, and other methads

Aerial surveillance

Nwdematic surveys of port approaches: There are major gaps in k nowledge of the
Occurience of nght whales in the mid-Atlantic and nonhern pans of Southeast 1) S,
from Block Island Sound to Savannuh, GA. Survey data for these aress is vitlielly
absent. ¥et, we do know that a< wny as 40 whales migrate through these areas,
Crossing magor port approaches. Predictive mixdeling can provide estimates of the
occurence of right whales in the port approaches The degree of conlidence in these
estimates, both temporal (e . do the whales lead or lag the estimates, are the peak
Limes at port approaches tnarrowly or broadly delined?) and geopraphic extent (i.e.
how far offshore?), will be oblematic for both nght whale protection und shipping

*  Evaduation of ihe effectivenssy of aerial survey techiques: Work should be
conducted to evaluate the effecti veness of acrial survey tlechniques i providing data
o which manapement actions can be baved. Preliminary week has indicated that ais
surveys are detecting only a low pes centage of whales that are in a guven SUIVey area.
Further studies are needed o determine with statistical confidence iFinereased efion
and or changes i technigues wonld result in significantly more siphtings for an area.
Data on detection probabilities could be oblained diwectly livn replicate acnal
sarveys using sinilar methods 1o those used fin abundance estimation of other
Cetacean species. Floweser, there is a trade-off betwoeen Mg replicate surveys
covenng o soaller arca and elective surveillance of Larger area Comcidental with




this wouk | studies of ripht whale behavior, including blow rates and the proportion of

trme spent underwater in each e night whale habitat will affect the probability of

detection. Studies of right whale diving behavior to understand the amount of time

whales spend at the surlace and can be seen during acrial surveys) would also

contabute to estimating, detection probabilities. Right whale behavior is likely to

vary between habitats and according to oceanographic conditions. Dats on sightings

probabilities are required for various demog aphic components of population (e.g %
mother/call pairs, vs single adhults, juveniles, ete.) by season and by area. Research

L+ ascertan the time spent underwater and at the surface, over defined time intervals

has been conducted. but not in all areqc

o Aerial surveys in the Sowiheast U S (SEUS): These surveys are flown to detect right
whales and alert maciners so that they may avoid or use caution when transiting those
areas.. Four areas in the SEUS are surveyed at varying effort levels. The Early
Warning System (EWS) sur veys are flown daily (weather permitting) from 10
nautical miles (nm) north of Brunswick to 10 nm south of Jacksonville fram the
braches out approximately 18 am Surveys are Hown offshore of this area with
nearly the same level of eflort Surveys are also flown just north and south of the
EWS survey arca with somewhat less fi cuereney. Thiee aeral survey etforts in the
SEUS use cast-west transects fown three nm apart  The mean sighting distance foa
WS suiveys flown by New England Agquarinm from 1994 2000 was 0 T4nm Owve
the past 5 years, surveys have revealed tight whale distribution patterns For instance,
Hpht whales appear to be found most olien in tie WS arc and =570 giles qust
noith, sauth, and east of the EWS ares Existing data should he analyzed 1o
determine wheae mast sight hgs owcur relalive 1o survey effort. Management poals
may be better addressed by using transects that are closer together (e.g | 1-1.5 wmn
apail) and redistributing swvey eftort 1o concentrate on areas where most whales are
likely to be observed. I the candensed survey area amd refined survey methodology
(transects closer logether) are concentrated around port entrances and imclude those
arcas where close encounters betweer ships and whales have been oliser ved,
managers could be relanvely confident that they are achicving their manageinen!
eoals for these acnal surveys in the most elficient manner possible,

Passive acoustics: Recent ongaing research on the detection of nght whale vocalizations
using passive acoustics has demonsteated that this technique has potential for detection of
voealizing night whiales in cettain oftsh Gre areas, al ranges of 10 miles o1 sa0. Research
into further automation of the detection process and the implementation of a fully
automatic, real-tume detection system suitable for deployment offshore is underway but
with mited  This 15 potentially an important additional technique for real tme detection
ol right whales and if implemented on 2 wide seale, wall require investment in
technolopgreal developments 1lis has been partrally funded by the MNartheast Conson e
and the Internatsonal Fuad for Animal Welfire

Predictive modeling. Confintied research into the bielogeal and aceanosraphic
Tﬂ'-l.‘.‘-:h['.[k’]i:.l sl righl wiliale distibnnon on smtable scales is needed These predictors
nchrde vagables such as sea surface teenperature, bnalogical-ocean productivity, and



copepod (prey) distribution. This could inchide for ex ample, the development of
quantilative methods to identily and assess samples collected by a small fleet of vessels
under contract (e p whale wateh vessels, charter boats, ferries, sh ips on dedicated s,
fishing, vessels) 1o identify densities of calanoid copepods, followed up by aerial surveys.
Reviews of historical data should be useful in this context

Satellite tagging. Tagging and long term tracking of night whales could also be used 1o
understand the occurrence of right whales in high-risk areas. However, some nnalysis
needs to be done befure considering whether salellite lageing or aenal surveillance will
be more effective for this Exasting, data from satellite tagging of a fow individuals
indicates highly variable behaviors adtcllite tageing provides a potentally long time
senes of data on moverment patterns for a sinple individual but tagged mdividuals might
nol go Lo the arcas where risk assessments are being considered or be lruly representative
of the whales in that area, Iy contrast, acrial surveillance can be targeted at ¢ssenlbial
areas and results are less sensitive to individual viriation, but observations are himited 10
a short time period. However, concerns have been raised by several conservation groups
and research institutions regarding the threat that tliese implantable tags pose (o the heakh
of the subjects Before a vgram of sateflite taging of righ whales, the long-term safety
of tags should be demonstratedd on non-endangered specics belore issinng further permits
lor their use an endangered Nonh Atlantic right whales  As well, that the relative merins
of satellite tagaing over research techniques be evaloaied in light ol the need 10 cloge
information saps for the explicit purpose of reduc ni ship shiikes,

Active sonar detection: evaluation ul‘i:mu'.epl. several researchers have advertised an
unproven techinology that cowlfid detect nght whales ahead of ship using active sonar. Port
authonties and the shippang industry have embraced the concept #s a technologic solution
mstead of or in addition to other management options.  In contrast. ncoustic experts have
examined the use of active sonar and have dismissed the approach as unworkable The
use of bow-mouated active sonar 1o detect whales underwater ahead of vessels might
enable vessels 1o detect and avoid whales However, active sonar detection systems hive
actually only been tested and proven at short ranges of'up to aboul SO m, for scientific
purposes. Further tnals are planned 1o the hope Lhat future technolopical developments
cold improve this range, sueh that i might improve the ability of some types of vassel to
avoid whales. These systens are eus rently not able to differentiate between species of
whalc, Converns have also been rised about the emvironmental inpacts of increasing
norse levels i the ocean particalardy distorbance to dolphin and porpoise speaes that are
known to have scnsitive hea iz i the same sound frequencies Prior 1o futther
discussion on the potential nse of this technology in ship stike mitipation. the practical,
cormercial application of aclive sonar in the condest of ship/whale st nke mitigation
necds o be realistcally presented. ncluding, for example, realistic time finmes for the
repuined [-::L'h|1u|cn_=;lx,‘i1| dioveh pment and carefid considegatinn ol possible environmental
unpacts. Detecton by iggelf does not rieam avoidance Even b the technoloey were
proven an clfective detoctor for imore than a lew hundred vards, such a system st
demonstate ns elfectivensss F.IRZﬁ‘QI[H;-_', the miaciewer averding as ship stitkes

e



Right whale behavior in relation (o ships. Little is known about how right whales react
lo approaching vessels, and what characteristics of a vessel sounds enable a whale to hear
an approaching vessel and realize that there is a threat of a collision, Models and
siulations of nght whale motion relative to vessels should be developed, to include
components of behavior, ship speed, hydrodynamics of different vescols The collection
of data on “near-misses’ and close approaches between whales and ships is nnportant (o
determine whale behavior near vessels. The behavior of he ship should also be

examined as there is some indication that changes in vessel speed or course may signal 1o
the whale that avoidance actions are NeCessany.

Mortality. Understanding the size of vessels an the basis of the analysis of propeller cuts
(cp, depth, spacing) may help target vessel aperating resinctions,
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Introduction

I'he weslern North Atlantic nght whale (Eubalaena glacialis) is the most endangered of
the large whales despile over 65 vears of protection from commercial whaling, One of the
factors impacting recovery ol the North Atlantie nght whale (NARW) population is a
significant decline m successful reproduction over the last decade. The reasons for this
reproductive dysfunction are unknown, but factors that may be contributing include:
genelics, environmental contaminants/endocrine disruptors, marine biotoxins, nutritional
stress and infectious diseases. Given diminished calf production, increased calving
mtervals, and the high incidence of non-calving females in NARW, il 15 critical to
determine the reproductive status of these whales. Studying reproduction in NARW has
been problematic because no techniques are available to collect blood samples from
large, ree-ranging whales, and because stranded animals are so decomposed that the
lissues are useless for analysis. Over the past two years we have validated
radioimmunocassay techniques o measure metabolites of reproductive and adrenal
sterond hormones (“stress”™ hormones) in right whale feces. This technigue has been
previously apphed to study reproductive stalus and stress levels in a wide runge ol
terrestrial species, but has never belore been developed Tor use in free-ranging whales.
The level of a hormone metabolite in the feces reflects an average value for the secretion
pattern of the parent honmone over the previous day. This technigue i3 2 means o
directly look at reproductive funetion and status at bath the individual and population
level,

The objectives of this study are to: 1) validate radioimmunoassay technigues o measure
the metabolites of total estrogens, androgens, progesting and glucocorticoids in NAR W
lecal samples; 2) validale the same hormone assays [or fecal and serum samples from
western arctic bowhead whales (Balfaena mysticetus) to develop this as a relerence
population for reproduction studies in right whales; and, 3) use reproductaive hormaonc
metabolite analysis to investigate reproductive dysfunction in NARY, and utilize
glucocarticoid hormone metabolile analysis as a tool (o study stress in NARW and its
relationship 1o reproductive function and environmental siressors.



NARW Methods and Validation Studies

From 1999-2001 62 fecal samples were collected from right whales feeding m the Hay of
Fundy in coordination with photo-identification studies of the population. Samples have
been collected lrorn a cross section of the population including adult males and females,
calves and lactating mothers. Al lenst 50% of the samples can be linked to an identifiable
whale, allowing correlation of hormone results with information on aga, sex, genetic and
reproductive history from data in the North Atlantic Right Whale Catalogue. We are
currently identifying or verifying the sex of samples from unknown whales (i.e. not
photo-tdentified) using fecal DNA gender analysis. Samples were freeze-dried, sifled
and steroids were extracted using 9% methanol. Steroid hormone metabolitcs can be
measured in feces using antibodics to the parent hormone, which cross-react with the
parent hormone in most ¢ases, The progesterone and lestosicrone assays arc 3-H
radioimmunoassays using separation by dextran-coaled charcoal and counted in a
Beckman 650 liquid scintillation counter, The (otal-estropens and glucocorticold assays
are 125-1 radioimmunoassay Kits from ICN Biomedicals, Tnc., with separation by secongd
antibady, and are counted in a Packard Crystal gamma counler.

Validation studies for NARW have been compleled for total estrogens, progestins,
androgens and glucocorticoids consisting of parallelism studhes and accuracy studies for
cach hormone. The results of these studies have shown that serial dilutions of WARW
lecal samples demonstraled excellent parallelism with serial dilutions of 17b-estradiol,
progesterone and testosterone. This indicates that recognizable steroid hormone
metaboliles can be accurately identified by these assays. The assay for glucocorticoids
{adrenal stress hormones) 15 also accurate and functional in NARW.

Analvses of hormone levels for samples collected in 2001 are underway. (See pase 3 of
this document for preliminary findings from hormone assays)

Bowhead Whales as a Reference Population

In a parallel comparative study we are analyzing the same hormones in blood and feces
collected from the Bering-Chukchi-Beaufort Sea stock ol bowhesd whales during the
sprng and fall Alaskan Eskimo (Inuit) hunts. Bowheads are being used as a reference
population for the right whale studics because of their close taxonomic relationship with
right whales, the populiation 1s growing and reproductively healthy, and fresh tissue and
fecal samples can be collected during the hunt. Additionally, the resulls of the hormone
analyses can be correluted with the reproductive condition of the whale through dircel
examination of the repraductive tracts, providing important ground-truthing for the
relationship between fecal hormone levels und reproductive status.

Since 2000 we have collected fecal and serum samples from 36 bowhead whales of
known sex and reproductive condition. Through measuring the steroids in serum in
tandem with fecal levels, fecal hormones can be related to cireulating hormmones,
Because of species diffcrences in hormone metabolism, the same 4 hormone
radiolmmuneassays are currently being validated for use in bowhead whale serum and
feces. Preliminary results are promising [or the bowhead assays as well. Interestingly,



while fecal testosteronc is measurable in bowheads, our assays are unable to measure
testosterone in bowhead serum from mature males. We are currently examining two
possible explanations for this finding: 1) another type of testosterone antibody 15 needed
to detect serum androgens in bowheads (i.e. another form of the hormone is present in
blood), or 2) serum androgens in bowheads are actually below detection limits during the
sampling time period. The latter explanation is consistent with the finding by other
researchers thal leydig cells (that synthesize and scerete testosteronc) arc not visible on
histological section ol howhead Lestes collected during the spring and tall hunts.

Preliminary Findings and Future Studies
Although analyses are not yel complete for all samples, preliminary results suggest
several important Andings:

I. fecal progesicrone levels appear to accurately detect pregnancy in both right and
bowhead whales. This is bascd upon extremely elevated progesterone in a nght
while sumples in 2000 who was subsequently sited with a calf in the winter of
2001, Similar elevations in fecal progesterone were found ina bowhead whale
that contained a 60 cm fetus. Progesterone levels in these whales were elevated
several orders of magnitude above those of non-pregnant females in both cases.

2. testosterone levels in MARW are extremely variable with some males having
extremely high levels. NARW testosterone levels are much higher than that seen
in bowheads. Whether the extreme variation in testosterone in NARW s related
lo reproductive activity/success or to the age of the individual is a question that
will be examined with further data.

3. the fecal glucnc.mti-cnid assay ts wselful Tor idunlifying whiales uxpf:r[unl:i[lg ||ig|1
levels of physiological stress, A fecal sample from a chronically entangled and
debilitated right whale (Churchill) had a fecal stress hormone level of 178 ng/g
compared (0 o mean level of 47ngfe in 25 other right whales.

Continued sampling of the population of NARW will provide data to further elucidate
relationships between steroid hormone levels and reproductive status, Known pregnancy
15 critical to determining calving sucecss, as the proportion of females with ebserved
calves as compared (o pregnancy status will indicate the success or failure of specific
phases of the reproductive cycle. By knowing pregnancy status we will be able o
determine late fetal and sarly neonatal losses (c.g. abortions, stillhirths) that otherwise
gocs undetected,  'With continued sampling of a cross-section of the population, we will
be able to look for hormonal differences between reproductively active and inactive
animals, Of paricular interest 15 the segment of the mature females (20%) that have
never calved despite reaching the age of sexuul maturity, Likewise, we need 10 examing
lerther the extreme variation in testosterone levels seen in NARW to see if it has a
relationship o successful reproduction.  The glucocarticoid assay provides a new tool
with which to study stress in righl and bowhead whales, including its relationship with
reproductive condition and the effects of environmental faclors. The comparative
bowhead study will provide basehine data with which lo comparatively assess the
relationship belween fecal hormone levels and reproductive condition in a large baleen
whale that can serve as o model for studies of reproductive dysluneiion in the North



Atlantic right whale.

Further investigation and continued sampling is required to:
I )Determine predictive capabilities of the assays.
2)Investigale pregnancy rates in both NARW and frec-swimming bowheads
BEvitluate utility of the assays to determine age of sexual maturity (which scoms
lo increasing in right whales),
4)Compare hormone levels in reproductively successful vs. unsuccessful males
and females,
apbvaluate the relationship between clevated glucocorticoids (stress levels) and
reproductive status.
G)Evaluate the utility of the glucocorticoid assays to study stress in NARW in
relationship Lo cnvironmental factors such as shipping activity.
6)Delermine sex of unidentified NARW samples using focal DNA.

Supported by NOAALNMES P.O. B40AANFO04357; NOAANMES
Contract#=30-FANF-0-00047; New England Consortium/UNH Grant # 02-557,
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Understanding the Relationship between North Atlantic
Right Whale Movements and Habitat Charscteristics
from Satcllite-Monitored Radio Tag Data: A Novel
Approach

Baumgariner, Mark F. ' Mate, Bruce B

(1) Collepe of Clcoanic and Arvcarpheric Soiences, Clwepae Stude
Pl “gify
20 Furieier S RHTN, Malden, MA, O3 185 United Ximies

Cruantifying movomenls for animals wacked with satelile-monitoned radin
tngs has been hasnpered by locatzon emoes aed woeven sampling in Gome.
We bave deweloped @ method to estimate siie fidelity from satellie wacks
thal acbounes bor fhese diftficalves, Assuming an animasl’s  maximeo
iu":rn.'ning, ?rn'-i‘-lﬂ 2 darown wr con be m&u_ula..'pl_l,- estiminled, moveisnicenl
between twi satclhie-asquired locstives cin be bounded by an elbipricnl
perimetze boyomd which the animal can ool swim The propartion of

site Tulebity. This propordon i lemmeed the site fidelity jodes C3FI) wmd o
mngss from 1 (Tow site Tidelily or “traveling” behawvior) o ) (kizh =it
fidedity e lagewale “milling” behavies) Erom: in the SF are due
primacily oo disparans’ Uiene imlennls beowsecn successive pnovamernts, bul
the satelle mack can ofies be subsampled indme to midingze these emers,
The scalcs of movemens for cetacesns swinuming 21 mazimum epeeds aves
tme scales of 12 0 murs hoors will be sofficicatly lagge o minemize armorg
in the SF1 due w locoton unccraintes MNosth Aflantic sight whales
(abslaena glacialivy were impped with eatellite moratored radio taps i
IOR9, 1950}, L9091 and 2 Kl and their movemicnis oo Hme scafes of 1 o
M hoars were examined with respect o physiographic and oceanagmaphis
comhitions, Ui sile fidelite belavior was ohserved in nssociation wit 4
particulas wanes raass feature fuune in 2 regional, summenizne chimantology

of bettom terperature and salinity, This hydroprmphic feamee presurrahly
affect the dismhution and abundance of fght whale prey (pancipally tie
wopepad Colanar finmarchicess, andd it ooewrs in e lower By of Fundy,
sduthwestern Seotan kel Maine Coostal Currest and the Cemar South
Chsnnel b 3 alwen foon e dee hpsing of the Gulf of Maing: arul
Seokun shel.

Stable Isolopic Analysis of North Atlantic Right Whale
Baleen

Biauli, 5-;_11;1-.”::'.:', Wetmone, Smu; Mickhener, Robert®; Claptam,

Phil’; Schell, Donald b.*

(1) Dhepperment of Bisdogy, Undversity of Maaechesens, 100 Morvisey
fifvid, Masman, AA, TS, Unired Seates

(&) Stable lourape Lakaratary, Hoason Hrfeersity, Hoctore, MA

(2r Mortherar Flakeries Science Ceaer, Woods Haole, MA

{40 Faminere 23 Manne Scierce, Universiy af Alaska Fatrlanks, AE

Sable bwowgee anzlysis of baleen fzom two Noath Adande oghg whoales
{Eubalagena placialis), a swandsd adull female CStoesuin”, vtaloz F1014)
ancl o call feuinlog #1504), prowvides msight inin food seurees aend lafica
v, chamacteristcs  that  typically e difficolt to shdy  through
ohservaiional |.|:n'_'|'|n:|.|m:r;. I - seeiics E.'ll.ﬁ]_lr:iu indicates that botk carbon
anad nifmpEn 'i:ﬂll:u:p-:-.g; Ghipw rug:u]at cmcillations .hlnhg tha ltl'lgl]:l af
Simocatae haleen, Sehell A ol (1989} and Best and Schell (1906)
hypothesized that the distances benween peaks along the lemgth of baleen in
bowhend (Hamena myaticeius] oand southem night whales (Bebuliens
enesreeliny e vowyaleon b the anneal badeen grost rote. Accordingly. the
baleen growth rate for Staccaio sas approximately 26 cmy resals Qensfoo
suppest thal e haleen nepresenis & ecend of 9.5 years in the life of this
animal. Thesc pesclis ane in close agreement with Omuora (1969) who
dermnstraled @ omean volue of 27 om belwesn growth miarks oo baleen
platzs of Mont Pacific and Southem right whales, A significant wichin-y=u-
lag between cwabon amd nilmsen peaks may ellect wswal pasteis of
formpging dr fhisting, Paher fime-senes analysis will examine whethis
Staccalo’s calvng evenis have an ellec om the ssolopc oscellatons,
MUEOREN S0 e ratios in W calfs baleon cxhibis a §wep decling duriog o
peiiod that coincided with weaning. 1 i hypothesized that high miregen
raticos it i 128as I'H.'I'..‘lHJ s redlective of mmther's milk, & ]:jgill'.‘l ‘|.1'-|'!|]'!'|1.i|:
lewe]l Soosd sowrce; the lower levels thereaficr indicuse the onsel ol
plankone feedeng, O reselis seppoi stabile Boreplc analyids ag a reliable
Deebuniegue Tor irvegtimiling elillesenrey s hals weape oves g Lot
mericwts in hath jovenile and adal Mot Arlantic .—ighr wirallie

Habital Management Lessons from a Satellite-T'racked
Wight Whale

Boswean, Robert'; Lyman, Edward'; Martila, Drawd'; Mayo,
Charles's Brovn, Moim'
() Cemter for Cognal Snidies, PO Bax 395, Mowrt Desert, ME, (M550,

thaited Sradex
f2 Stoale Marine {ab

The bonmeiarics nf current tederal 'FtiE]J[ Whale Critival Habilsl Axeay are
generally crealed by boxing the regions with tie dessest istal commlative
Alewieal dghueps. Information en residency imes of individual whales
within proteced aread is sparse bul is pecessary W provids a test of the
ellicwey of cument crtical habicar conseevation maiagemen! struiepy, On
Wiach 29, 2001, an entngld North Adimtic right whale, Eubalasra
plazialiy, off the coast of Massachusetts was lagped Witk & s=tellit VY HE
telemelry huoy attached in g traubing length of sope. This is & standard
lsrhmigue for monitoring entangled whales. Than whale was otherwise
bealthy. uninjured and often observed feeding. Meither the entanglcnsent
iy e low-drap telemety buoy was belisved o lmpede the nomal
bebavive of the whals, The ielemetry buey emainsd atlzched o the whalg
bor 36 days wntil it weas Fouod adaft with most ol the entangling pear sl
dtached, While towed, the tag provided 181 seliable satellite positon fixes.
The Intal dastance treveled between fines was 1,620 nawtical miles, The
ol omee spent within deaigeated Cogical [abitan Sreas woas only P20
af the tiatal peried and the totn] distonee troveled within the Critical Hobitat
Arcas was only 32.43% of the eolne tagged distance. While “outside. the
box" the whale waveled widely, erossing designoted shipping lanes 12
tmes and, apparently, ssopping o feed only rrely 0 seattensd locationg
froun Maune o the edge of the Continental Shelf cast of Mew Jersey. The
areas wisited lscluded =ome with concentmtioms: ol the types of fxed
Zilamg gear eonsidersd a high risk for feeding vdght whales. Evews wirhin
the Critival Habitals moch of the fime was spent in an orea where fishing
regulabons are Ear moes elaxed We sugpest that cetical hahitat closaznes
lor fixed [Eehing gear oy provide for mom limited protection from
sttanglement thon previoosly believed.

Defining Triggers for Temporary Area Closures to

Protect North Atlantic Right Whales (Eubalaena

glacialis) from Entanglements

Claphim, Phillip J.'; Pace 111, Richard M.

(1) Northems Fivheries Science Centen, 166 Warer 51, Woods Flels, MA,
(2543, Ulnited Shates

The Morth Atlantic right whale populaton iz critically endangened, and
entanplement in fishing gear In o major facos indubidng recovery G
prososed mifipation mewsun: is the Temporary Area Closare (1AC)L whess
an nren would be closed o Gshing when nght whale appregations wem
present. Here, we use sighting data in develop criteria for mggering TACs,
Data from alroost-daily surveys of Massachusetts Bay from Apsil thmugh
Chetoder, 1980-9%, were used to assess whether the number of wnoals woan
imitinl sighting was predictive of the magpitude and duration of the sughtng
evenrs that Dallowed. We delined an event {n = 42} a5 two or more nght
whale sightings separated by an mterval of oot mose than 10 Says. A aoa-
wvert (o= 217 was any sighting not llowed by another within 10 days, Of
S0 initial sightings involving cac or teo fght whales, 2% began an event,
while 21 did not Howewver, an initial sighting of three or meone whales
appeared to represent i gosnd predictor of an apgregainon, bocause all such
sightings {n = 13) began events. This “wigger tkireshold” equated o o
censity of 4,16 whalae par 100 nm’. Additivaal analysie indicated thar
Buffer of sbout 15 naotical miles aound an event’s imibal skghoings
ercvmpessed e movements of might whales during the entine course of
paarly a1l obearved events, thus allowing TAC boundaries o be estbTished,
Whe= applicd retrospectively 1o aerdal swrvey sighdngs datz colleuied in the
springs of 1999 and 2000, the trigger critesa would Lave rnaulfr.li i CIF,"Il_.
elooires in each of the o years, Although these methods provide 8 wsedi
rearns 41 estahlish protectivn measures for right whales. juncl perhaps other
species impacted by entanglementy, their efficacy will depead on
regafalory termaround dmes, enforcement capabilides, and e iy will
shizh fshing pear can be rermoved oo the warer



Summer Feeding Season Movementis and Fall Migration
of North Atlantic Right Whales from Satellite-
Maonitored Rudio Tags

Mate, Bruce', Baumpariner, Mark'

(1) Frepen Stare Elntversivy, Haeld Maring Seience Cener, 20205
Marine Science Deve, Newporr, OF, 97305, Uaired Srares

Durting JulyAugost 20080, we insminmentsd 16 North Atante right wholes
in dhe May af Fundy @ith Acgos (smellite-monitored) radio taps coared
with & IﬂllF.-Ii‘iﬁI'h:.'.'-Hl‘l: .ﬂl'll'i‘h'll'_ll:ii;,' CI“ i;"r,"ﬂl__iil: .l.rh'|=|i‘|i||n= s o IIJ':HI.I':‘I'
Dﬂﬂiﬂliﬂmph[ﬂ correlarss of 115]".'1: whale swincmer fl:i’.“lliﬂg babiisty, andd
aftimately, foll migratian muates fo as yet undiscovered wintering aceas, We
heard feam 12 whales [35%), @ l.ﬁﬁ‘ﬁ-_:l cl whach Pm'.-l'dr:l:l lncations Jor w5
days {mwan = 434 di, pocounting for 2 ol of ot ket 16,132 km of oavel
(mesn = 1,792 kny). The loogest mek (6,505 km in 176 daye) wae of 2n

_udult female which migrated E928 kan in 23 afpys (mean — 1.5 km'h) from
40 km west of Broan's Baik o Georgia, whene she was sgchied By oiher
reacanchers csing Atgos locaton data defng an aeral sorvey . Al whales
trackes! for more than 23 doys left the Bay of Fundy n Izast enzoe, raveling
broadlr over the ceoual w soutiwestens Scotian Shelf andfor twoughou
Mhe Qull of Maing, Averags speed was 1,8 ke, Mlust oo wers oyver
chiaklove shelf waers (BRS <200 na degmb) and 75%: were <350 om from
land {including islands), Pxomirabion of mecenl pholos faken by other
mesearchers for incluzion in the Bight Whals Consortivm calalop revexled
that ore wlale had losr iz g, and & of 7 others bad either 0 broken
echepany ar sadiwslier galeh, Analveie and re-desion of thoee elements have
beeny comipleted. Tageed right whalez bowve been maghtecd with iape still
nttached for op to eipht months, suggestng that loog-teom racking s
fensible. Despare oor aicnns and salpaacer s9inch problems, agrs [asting »5
days comprized 2 higher percentage of Lgs appled fo 20000 (36%) tan o
carlier {1989-91% surface-mounted taes (47% ), ond Fussmeler operaiion
mvernged 226% Lonpeor thon sarlier desagns.

Blubber Thickness and Reproductive Success in Right

Whales

Miller, Carolyn A.'; Rech, Desray™; Best, Peter B2 Moars,

Michael 1.1

(11 Departmens of Biedeyy, Woods Flole Oceanographic Fastirution, Ml
Stop 1, Weoewdy Flale, MA, 023543, United Steses

2} Marumal Research drititute, {iniv, of Preorla, Pretorda, Seath Africa

The ircressed calving inierval and seduced reprodactive rate in Mo
Azanze right whales, £ glacinlis, compared 0 southeon sighe whales, B,
awrfraiiy, may reflect differsoces in lipid reserves, as phserved in oier
mammals. We wed amplinde-mode whmzound o estmae Slubber
thicknesx in £ placialis for 3 seasons in the Bay of Fundy, Canada and in
E. qusrealis off the South Afisean coust for 2 seasons. Adult £ glaciodis, 17
emtl, 8=15 have a significantly thinser hlubber layer than adule £
ansrralis, 11 cmad, 0=15, sugpesting different habitat semperatuce 1 gimies
or differing planes of nutetion between the two populations. In & placialir,
coampan son of blubber thickness with age vielded no melationshkip for males,
but & significant increase in blubber thickness with age for females (¢ =
079, p =00, 0 = 25). Independent of this reladonship with age, there i
alw & significant relationship between blubber thickness aned tme since Last
calving for ivpreducing females (e =074, p=00.n =%, In E gierralis,
Blubbit thackness in cows decieased during the eardy loctaton season (1 =
LTV, a1 = 30, p= 0.02) while Blubbey thickoess in calves incmised ever the
same tme petod it =190, dF = 16, p . 0080, Decreases duriag Lsciiton
and increases during suckling sagacat thal hlubber thickness mirrons enes gy
balacwe fur lacwating and swekling right whales, In E, placialis, we olserved
an pxneasing trend jn blubber thackness over the past tuee yews, which
may he melated o the recent ceeeseliol calving seasin, Tabkos lepather thess
e vt hat the recend marked flactaations in Nosh Allantic npht
wiale teprodkuctive succest may vn part have A Tutntional basis, affecing
Feribiny amdioy fead ond call vinhility

Value Added Rescarch: Offshore Aerial Surveys for
Right Whales (Eubaltena glacialis) In the Northwest
Atlantic Qcean, 1999 - 2000
Marrick, Richard [ Clagliam, l-"h.llli,p:; Cole, Timoihy ¥v.N.':
Gerrios, Pawicia', Pace 11T, Richard M. j
(1} NOAA Fisherer, 166 Warer 81, Woods Hole, MA, 172540 Dirniied
Stater
Bespit= being one of the niregr (oo, 300 animails) and miosl heavily stdisd
cetaccans i the world, Lage paps exigd in our ].:_n‘;'_.l.n.'l.-_*-r]ﬁg aof Moph Atdantic
Arht whale (Fichalarna glacialiyd migrsiion and seasoral disi6®uton alnog
the northeastern cossial United States, W Mew perial surveys during 1539
20001 101 pursue multiple nhjectives: (1) pmovide fpkl whale locations o
marinere, {21 eersus offehace ancas (Gl of Majoe, Grear Sowh Channel,
Cecnges Bank, and waters south of New England) where svsticmaie
siphting effort bad been absent since a1 leas 1992, and (3) phiviographically
lentily individual zight whales uting thess leds sludied offshore areas.
surveys were flown followiny line-transect protocals st an alttude of 230
meters in | oor 2 high-wing aircrafi eqiipped with bubble windows, We
conducerd surveys on 90 days and covered 77740 kmoof gaosects, Over
350 rignt whales, dismboed ansong 241 sightings, weee obwereed, This
produced 14 alers o mansen. Sirhdnes primadiy occermred in the Ciear
semech hanne] and sieidiem Ceorges Hank arcas. However, righl wholes
wiare Ls0 found in aneas nor previcusly decumented as fmpomant Six
ehtangled nght whates were disoovered, resultang inoar least ooe secressfal
dasentngiement. Seven individualy were found teat had neg hesn veri®ed
alive s fnove Lien 6 years; these animals had been presumed dead based on
nne anslyhe approach. Ow cesigliting of individuals infiequantly seen in
peasshore swrveys sepparts the idea thal soue historic wsightng daa are
bizted by whales heiecogeneous wse n® geopraphical regiows and by
reienal vaation n survey effimt, Moncover, analysts aftEmpring 2o ke
plkciabe il Tl of death Tor sndividual whales should consider nehveual
geograplie prelerrnces, in addition o dme since the previors sighting. Chir
wark underscores te imporance of ident (ying and mainizining svstemalic
servey 2ffort in all potontiz] hahatats, and the wiilite of coondinating suneeys
RE={ FH SHECTET LA b R el [ 1] oo

Buoyancy of North Atlantle Right Whales (Eabalaena
glociadis) May Increase the Risk of Ship Strikes

Nowacek, Douglas P.u; Iohnson, Mark': Tyack, Peler'; Sharter,

K. Alex’s MeLallan, William®, Pabst, D. Ann®

(i Woodt Hofe thoepnographic Invritue, 266 Weaods Hole R, Bedfieid
244, M5 873, Woods Hode, MA, 02543, United Sraies

(1) Northeast Fltheries Science Center, Woods Hole, MA £/5A

(1) Universizy of Colorad, Boulder, €, 1154

{40 Unlversity of No Caroling Wilmingtan, Wilmingten, NC USA

A varieiy ol marine mamoned specics have hesn shown (@ comseve ciemy
by wang negative buoyancy o powsr prolonsed descesd gldes durng
dE'I-'.E:E. A nog-invasive tag atached to North Atlantic nght whales recorded
swirn siroke from changes in pitch angle derved from 2 3-axis
acceleromeler, Swimming and dive daty recordid by the wmp [rom E nght
whales during 95 dives in 1999 and 2000 jadicetes hat the tagged whales
were: positively buoyant ar degehs greater than has been repocted fo other
ranne mansmals. Some of the most powerlisl fluke strokes observed in
tagged Aght whales ocormed as they counteracted this bugyancy at the
teginning of 4 dive. By codteast, nght whales wsed positve baoyancy 1o
power glides during asceal While descending, the whalts had w prope]
themsclves a stecp angles 1o the bodom of their dives, During ascent,
huwever, they glided at relatively shallow anples For 15 604 of the total
ascent tine. Despite these ditfreences in swimming behavios, their me of
ascent was equal to or greater than their descent rate, and all dght whales
b asvent plides &1 depths > 2% the tlepth at which & blue whale began o
prlivhe. Bight whales appear w use their positive buoyancy tor more efficient
'-='-’«"i?I1.E|1i.E|[.';_III.I:IIJ deving. Howewer, this buovancy may puse added ks of
wessel collivion, Such eollismns are the poluary soune of amihropooemic
mmaiahiny Lo Moath Aidankic right wiwibey, whose population bs cridically
endangered and declining. Duoyaney wmay impeds diving iesponses 10
oacomitg vessely and right whales may have o redoced abilicy 1o mancuver
thirm g e ascents, The kydmdynamic forees indoeed &y jarge ships tha:
draw vrvmerged olijeces inte the bull compound the: nsb of collision botl:
edr sacent and descenl. Togesher these phepomens may panly evplain why
this speries 15 5o valoerable o ship siriloes.



Mark-Recapture Analysis Provides Evidence for

Temporary Emigration fram the Bay of Fundy Feeding

Cround by North Atlantic Right Whales

Pace, Richurd'

(1} NOAA Fickerier, Noatheart Fisheries Science Conrer, FAG Warer 51,
Woods flole, MA 02543, Ulnited Shate s

A caienwive photographic catalomue of  indiwvidonlly idsodficd  North
Atintic dght whales (Subalasns  glaclolis) allows cazmimanon of
resi g bling records (copture histores) fom differeot Jociles both amnny ard
within yvoars, These capiare dsiories have been wsed 1w éstinsle annuwal
devagraphic parameiers, although mmalyses 1o date bave (ziled o reoognlee
the mchness of these Cata in demwosbiatog other aspoct <0 mphl whide
Banlopy, [ fecused on recent (19939 recaptuse histores, mwaticied o the
pemcipal sumimer leeding period {late July-early Seplember) in the Bay of
Fundy. By epplying Pollock's rabust deaign to resighting reconds gmnped
oy doweek periouls, [ found sirong stafsticel evidence for lempocoey
emizmton. Specifizalily, while fidelity 1o the Bay of Fusdy aspearesd high
when guigyeed over several years, the likelibood that an animal was not in
the Bay at all duringe o partcalar year was approximately 50%. Bused an
one mode] {emallest AIC), annunl populaion estimates within the By
ranpesd bom 151 60212, bot standard emors on Urese estimates weee igh.
These msulis have 3 anportant implications, First, they demonstrabe thas
survey desipns of locol, marc-recapfore momitomng  dodies ol manne
marmnnls oftsn provide . opporbonitics o extaact selevan Bol ofien-
everlooked biologicnl informmntion, Second, the fieding of subseantial
fempWorary emigraton in morthers right whales limits the uglity of typicat
Cormack-Jolbe-Seber (CIS) mixdels in estimatiog dersogiapliic parameers,
pevadse OIS canoo) ilL'\l.',:I.III:I:II.HIIJ.H.lL' tluis p]b:l:ll:lrl:l-mll}]'l. Iﬁl:hﬂ[]-', the ammal
Bay of Fundy pupulation size estimaies suggest that oaly SI-T5% of Boith
Adlantic r.'gh[ whale p4_1[||1||'|ﬁnrl 1% [PrEsEal an thi= Haw af FL‘lIJlﬂ}' |:I'|.1rj|:|g labe
July o mud September, This highlights the need 4o expand swrvey dovierigs
w idemtifly other bmpomant summer areas for this eritically endangensd

species,

Photogrammetry of North Atlantic Right Whales,
Results of @ Pilut Stady

Potier, David'; Perryman, Wa:.—n:z: Quintal, Iameen's Cramer,
Katie®

(1] MNarional Marine Fisheries Service, NEFSC, Woady Hole faborasry,

166 Weper 51, Woods fole, MA, 02543, Unéted States
(2] Naflone! Marine Fisheries Service, SWEFSC, Laldolla Laborazory

In August of 204 the Natonal Madne Fishedes Servics, Normheast
Fusteres Saonce Cenler, began a pilol swdy w collect biolopical
mformation from werical aerial photographs of ol Atdantic rght whides.
The surpose was 1 determine if photogmmmetric data of sufficieat quality
coulil be collecied and used in population dynamic studies, These smdies
mclude  fmdivideal idendficadons, condition foctors, apelength curves by
sex, habitat usage, and Bfe hisory pammeters via markfrocapeure analysis,
Aninal concentmations were located fllowing & brossd seale survey in the
Bay of Fundy. Using five mch format KAT6A canseras built for military
reconnpisennce, vanoiss types of Blm, Glm speed, and eliwdes wens
evalipied ol differcnt sca states and times of day, The technigues wsed weis
sicnilar o these developed by the NMES, Southwesl Fszheres Seirnce
Centr on vaniose oonb Pasific epacies, Additionally, the degree to which
tee & revalt disturbed amimals was determined by boxt based scisntisss who
conle observe changes. in uir behavior during everflighas, Ome hundned
and twenlysecven individwalt were ielemifie] from 665 photsyrapha
collected on @ flight days and cmss-refesenced to the MNew Einglasd
Acpuariume sight whale catnlog by Aquarium stalf, (F these amimals 94 had
phwite praphs of sufficiean quality w allow total Beagth ondior Auke widt
picas emenls. Addivomally, mirth measerements werns passible o 2 of
ther animals allowing fm some sessere of comdition factor (eight of thess
tweniy amimals subsequently calved in the Flotda/Geornpiz numsery area +
r b momths atter oue studyh. Fieally, observers ooted o behavioral
':‘hJIIIHIiH fr moachons o the abicadi lJ.'l.IJ:JI.H |1'|.'-|.'rn:||:=||'||.5- Thiiz t,.lm:l:!.l haz
determined thal with ihe appropriate [l and canca seling colbbie
with the edredct eitvimonmentnl conditons pholngrmmetry nf e norh
Arinsiizy :i,I_J]H wiiale iz M!—EJ':I!E These data will r.mwh:.r. walizhle rew
imsight vn mdividmals aind 6 calleclyve speasene of the condidon of the

whinl: population

Do Tides Influence the Movement of North Atlantic
Right Whales (Eubaloena glacialis) in the Bay of Fundy?

Pike, E1"'; Brown, M.W.% Hamilion, PE Knowlon, AR

(1) New Enpland Aguarium, Edgerton Research Labararory, Central
Whae, Baston, MA, Q2110 [ nited Steres
21 Cemter for Conctal Stedies

The North Atentic right whale (Eubaloena glociofis) population has five
docomented critfical habitas, One of these, the Bay of Fundy in egsem
Canada, has been sodicd steee 1980, Each summer, mseachers sco nearly
two-thirds nf the popalation, estimnted to be 325 andmals, in e Bay, Do
to this conceomation of whales, & comorvation aa was extablished doring
the swinmer months, Shipping laoes for St John, New Brunswick transi
throurh the castern cdpe of the zope, and chip swikes have been dentified
as e of e mujor duvats o right whales, Understansding and defining
heovay wwhiales atilize this habitat asd ovedlap with shipging Lo well assisi in
our abifity b mitignte this threat. The Bay of Fundy s famous For its
extremse tdal ranpe. The effect of Bdes on the desinibutton of shales has nod
been previously iovestipated. but it i3 hypothesized that the whalies maoes
wilh the tide, To pest Uy theory, we pualled the sighting secords af animals
gogn more then anee 8 day during the summer seasons of 1997, 1998, and
19, The sightings were annlgzed o determine the cumalative mosvement,
north or suuth, during that e, This information wag than cormpured to
histogical fide information, Each palr of sighbops wis then coded
depending on whether 1 ocourred during the dncomiog of oulgoing Gide.
The resnits show thal lhere was & sipmiicant number of whales moving
sniuth wirh the catgoing tide {.:J = L6, petbdB), o= YT anad maaving
oorth with the incoming ik (x' =650 pellMIE, n =237} There 15 o clear
comelation berween 0w Gdcs and e slwort-tenm mmovemenss of teht whales
in thiz imporant habital aren. Further evaloagon of this da will dercamine
il there is a predsciable, tide-allecied overlap of whale dismbiadon with
shippring Sanes, leading to mors effective conscrvalion e aauns.

Maolecular Analysis of Stress Activated Proteins and
(venes in Cetaceans: A New Methodology for Monitoring
Environmental Stress Impact

southern, -'SEJFC-EL,' Allen, Aonne; Keller, Nicholas';s Dieon, Aodie w’

(fi &% Fivkeries Noience Center, 8604 Lo Joila Shores D, Ly Jolla, T3A,
GRORT, udted Starey

Hecently, theme has been docomented & woddwide increase m
manifestintion: of environmental atress o the marine ecogysidang. Merineg
mammals have experenced a pandesie of morbillivical  nfections,
cuthreaks of diseases caused by influenza viruses, fungl and algal woxins,
S0l trariee maamnal popilations are declining due to idiopathic wasting
diszases and low reproducton raes, Many of de disease guathneaks appes
in lave been facihieted h}r nhnnginE envirommental conditions |;|iEE|fn-.|:| h}'
clirnate varinbility and heman activides. I iz imperat ve w develop nowvel
health-monitneing ald thal would provide early waming of incressad
siress burden in marine marmmsls, o gusde the manageanent of macine
ecosyslemes and facilitewe the conservation of key species. We have
developed a new metosdolopy for désecting the molecular sipnanre of
chromic. phvsiclogical suess i ooeumnals tha can be psed i am eardy
Utdicaror of incrensed environmeocal stiess aod connpmonsised Jeealt, Tle
methodolopy is hasecl on molecolar analysis of siress-octivated proteins and
eane mnscrpls i feld  mbionespecmens of skin or Bleeel The
development of this methodedogy has iovolved the analysic of a reference
sel of spovizoens from § gelacsan specics. Thew specimens were obrained
frote WM animals with konowy lealeh sisis iclizieadly dissazed, highly
physiologically stressed, or healehy) Changes in expression levels of 40
swess-activaled protsing wore dotccted asing computerized quantitative
ipuncehistochemisiy. Chanpes in expression levels of 4000 penc
transeripte were deected using the human pene micmammay technalopy.
thgh throophput analysis, such as neccssary for ecoleymeal-fevel siudees,
was supgemied by the use of soulti-specimen slides ond novel muoli-tarset
amree antibadizs developed in our laborstary.  The methodoloey had boen
applicd 10 evaluzie the impact of tona fishecy oo e spotied dolpshines o Use
Fastern Tropical Pauific, and the effects of cliswic chanpe el ol shone odl
drilling o gray wlhales,



NORTHEAST FISHERIES SCIENCE CENTER AERIAL SURVEYS FOR RIGHT WHALES (
EUBALAENA GLACIALLS), MARCH - JUNE, 2001
Timothy V.M. Cole, Amy Renner and Frederick W. Wenzel (NEFSC/PSE)

ABSTRALT

The Northeast Fishenes Science Center (NEFSC) conducted systematic aerial line ransects for right whales (
Eubaluenea plociclis) belween late March and early June, 2001, The study area encompassed waters from eastern
Lomg Tsland (721 51" W) cast to the Hague Line (66/40' W), and from the New York shupping lanes and the southern
edze of Georges Bank (40/21' N) north to the entrance of Penobscot Bay (43/ 40' I}, A series of 13 transect Tmes
spaced 20 nautical miles apart was completed toice m 12 flights. On four additional flights, fine scale surveys were
mide over small, bathyvmetrically defined arcas in scarch of right whale agerceations. All of the

Mights weore performed at a speed of 100 knots at an alduede of 230 meters (750 feet) using a six-seat, high-wing,
aiplnbious atrerall eguipped with bubble windows. Environmental factors affecting sighting condilions were
logeed oo all hghis. When right whales were located, atlempis were made @ pholograph them Tor indavidoal
d=nblication. All of the phatographs were subsequently subnutted to the Narth Atlantic Right Whale Catalogue,
howsed ar the New England Aquariom. Durinp the surveys, obeervers were on watch for a total of 80 hours and
recorded 73 sightings of right whales, The sepsonal tming and disicibution of right whale sightings i relation (o
survey effort are discussed.

NORTHEAST FISHERIES SCIENCE CENTER AERIAL SURVEYS FOR RIGHT WTIALES (
FUBALAENA GLACIALIS), 1998 - 2001
Timothy ¥ N, Cole, Frederick W. Wenzel and Amy E. Renner (NEFSCTSL)

ABSTRACT

Aczial surveys for Norlb A (lantie right whales (Eubalrene glacialis) were conducted by the Novtheast Fisheries
science Center (NEFSC) during the spring and fall of 1998, and an the spring of 1999, 2000 and 2001, The study
arza encornpassedd waters from casterm Long Island (727 5 1' W) cast to the Hague Line (6640 W), and from the
New York shipping lanes and the southemn edie= of Gearges Bank (40°21' N) north to the entrance of Penobscol Bay
(437 40' M), The objectives of the survews were; (1} to census oflshore areas where systematic sighting effort had
been larpely absent; and (2) 1o photographically identify individual night whales in these areas 10 improve
krovwledpe of population soroenue, with an emphacis on capmring animals that do not sceur inmore infensive |y
stdied coastal habicas. Surveys were Nownat 100 knots and at an altitude of 230 meters (750 feet) in high-wing,
arcrall equipped with bubble windows. Environmental factors affecting sighting candinons were logged on all
Heghis. During the surveys, 37,912 kms of transect Iines were completed (316 hours of elfort), and a wlal of 328
srghtings of right whales made. Sightings primarily occurred in the vicinity of the Great South Channel and on the
Mozthern Ddge of Georges Bank. Ruzht whales were also abzerved in areas not previously documentad. A
camparison of the photographs taken in 1999 and 2000 of right whales sighted 1o an existing catalogue of
imlividuals found 92 known individuals, ln 1999, two identified individuals were sighted only during the NEFSC's
survey ¢ffort, and five in 2000--one of which had not heen resiphted since 1988, The ‘recapture’ of these individuals
1s likeby 1o allect estimates ol vital rates For the population, amd underscores (he imporlance mainiaining sysiemans
survey cfforts.

CRITICAL SIGHTINGS PROGRAM PLACARD
Amy Lamb™, Tim Cole!, Dana Hartley *, Blair Mase®, Pat Gerrior *

T rpoteseied Species Branch, Norheast Fishenies Science Center, 166 Water Streel, Woods Hole, MA D2543

* Mrotected Resources Division, Northieast Regional Oflice. 166 Warer Street, Woods Hole, MA 02542

© Protected Kesources and Biodiversity Division, Southeast Fishenes Science Center, 75 Virginia Beach Diive,
Muami, FI1. 32149

ARSTRACT

The Critical Sightings Pragram (CRISP) placard has been developed to facilitate more comprehensive and reel-time
reporting of offshore sightings of eight whales, and emang lad or dead whales of any species. The placard was
designed prienarily for wse by the U.S. Coast Guard. However, it will be made availabls to other Tederal and stale
agencies whose acltivities are likely 1o encounter manne mamemals, including the Depanment of Defense Manne

Mammal Awareness Program {where the placard will be posted on their webaite), The placard 15 not mitencled [



DEFINING TRIGGERS FOR TEMPORARY AREA CLOSURES TO FROTECT NORTH ATLANTIC
RIGHT WHALES (EUBALAENA GLACIALIS) FROM ENTANGLEMENTS

Phillip 1. Clapham and Richard M. Pace, 111
Northeast Fishenies Science Center, 166 Waler Streel, Woods, A 02543-1026, US. A,

ABSTRACT

'The North Atlantic tight whale populaton 15 eritically endangered, and entanglement in fishing pear is 2 major
fecton inhibiting recovery, Ong proposed mitization measure is the Temporary Area Closure (TAC), where sn area
would be closed 1o fishing when right whale aggregations were present. Here, we use sighling data w develop
critena for friggenng TACS. Data from almost-daily surveys ol Massachusetls Bay from Apnl through October,

12 R0-96, were used o assess whether the pumber of animals in an imitial seghting was predictive of the magmtuds
and duration of the sighting events that followed., We defined an event (1 = 42) as two or more right whale sightings
separaled by an anterval of not more than 10 davs. A mon-event (n = 21 ) was any sighling not followed by another
within 10 days. Of 30 initial sightings involving one or two right whales, 29 began an event, while 21 did not,
However, un mitial sighting of three or more whales appeared to represent a good predictor of an aggragation,
because all such sightngs (r = 13) hegan events. This “irigger threshold" equated to a densily ol 4,16 whales per
100 nen?,  Additional analysis indicated that 2 buffer of about 15 nautical miles around an event's initial sightings
cncompassed the movements ol right whales during the entire course of nearly all observed events, thus allewing
TAC boundaries to be established. When applied retrospectively (o aerial survey sightings data collected m the
springs of 19949 and 2000, the tigper criteria would have resulled in elght elosures in esch of the two vears.
Although these methods provide a useful means to establish protection measures for night whales (and perhaps other
species impacted by entanglernents), their efficacy will depend on regulatory turnaround times, enforcement
cupabihines, and the rapidity with which fishing gear can be removed from the water,

MARK-RECAFTURE ANALYSIS PROVIDES EVIDENCE FOR TEMPORARY EMIGRATION
FROM TTIE BAY OF FUNDY FEEDING GROUND BY NORTH ATLANTIC RIGHT WHALLES

Richard k. Pace, TIT
MNorteast Fisheoes Science Center, 166 Water Streot, Woods, MA 02543 1026, 115 A,

ARBSTRACT

A exlensive photographic catalogue of individazally identified North Atlantic righr whales (Rubalacna glacialiy)
allows examination of resightme reconls (caplure histories) from different locales hoth among and within yeais.
These capture stonics hawe been used to estimate annual demogeraphic parammelers, althouelh analyses o date have
failed to recognize the richness of these data in demnonstrating other aspects of right whale biology. [ focused on
recent { 1993-98) recapture historics, restricted to the principal summer feeding period (late July-carly Septemiber) in
the Bay of Fundy. By applying Pollock's robust design to resighting records grouped into 2-week peniods, | found
strang statistical evidence for temporary cmigration. Specifically, while fidelity to the Bay of Fundy appeared high
when ganged over several vears, the likelihood that an animal was not in the Bay at all during a particalar vear was
approximately 58%. Based on one model (smallest ATC), annpal popolation estimates within the Bay ranged from
Lal e 212, bul standard errors on these estimates were high. These resulis have 3 important implicatons, Firsl,
they demonstrale that survey designs of local, mark-recapiure monitaring smidies of marine mammals oflen provide
opportunihies 1o extract relevant hol ollen-vverlooked biological informatoen. Second, the findimg ol substantal
temporary enmgrabion m nortbern nght whales hinues the utility of typical Cormack-Jolly-Seber {C)5) modzls m
csimating demographic parametess, because CIS cannot accommodate this phenomenon, Finally, the annual Bay
ol Fundy population size estimates sugeest that only 30-73% of North Atlantic right whale population i present in
the Bay of Fundy du i[:lf late July to mid Seplember. This highlights the need to expand survey coverage 1o identily
ullzer amportanl summer areas for this eritcally endangered specics.



Value Added Research: Offshore acrial surveys for right whales (Enbalaena glacialis) in the Northwest
Atlantic Ocean, 1999 - 2000

Richard L. Merrick, Phillip Clapham, Timathy V. N, Cole, Patricia Gerrior, and Richard M. Iace, IIL
NOAA-NMES, 166 Waler Streel, Woods Hole, MA 02543-1026, U.5.A.

ABSTRACT

Despite being one of the rarest (ca. 300 animals) and most heavily snudied ceraceans in the world, large gaps cxist in
nur knowledge of North Atlantic right whale (Eubalaena glacialis) migration and seasonal distribution aleng the
nertheastern coastl United States. We Mew acrial surveys during 19992000 to pursue mulliple objectives: (1) alert
mariners W nght whale locations, (2) consus offshore areas (Gulf of Maine, Great South Channel, Georges Bank,
and waters south of New EﬂEl,lEmd} where sysleimalic sighlang ellorl had been absenl since at least 1992, and (3}
photopraphically identify individual right whales using these less studied offshore arcas, Surveys were flown
following linc-transcet protocols at an altitude of 230 meters in | or 2 high-wing aircraft equipped with bubhble
windows., We conducted surveys an 90 days and coverad 77,740 km of trangects. Over 350 right whales,
distnbuted amony 241 sighiings, were observed. This produced 74 alerts to manners. Sighlings primmarily eccurred
iy the Great South Channel aned narthern U:U[E¢5 Bunle areas, However, :rEEhl whales were also found in arcas nod
praviously decumented as important. Six entangled ripht whales were discovered, resulting in at least ane
successful diseatang lement. Seven individuals were found that had not been verified alive in more than & vears;
these animals had been presumcd dead based on one analytic approach. Offshore sightings ol amimals rarely s2en in
nearshore surveys sapport the idea that rieht whales have individual preferences in their of use peop raphical
habitats, Mercever, analysts attempting to make presumnptions of death for individual whales should consider
wdhividual geographic preferences, in addilion (© me since (he previous sighting., This work underscores the
imporiance ol identilying and maintaaning systematic survey effort m all potential habitats, and the utilaty of
coordinating surveys for management and science,

A Review of Current NMFS Scientific and Management Elforts to Recover
the North Atlantic Right Whale ( Enbalaena glacialis)

Richard Memick
NOAANMES, 166 Water Streer, Woods Haele, MA 02543

ABSTRACT

Pespite: 30 years of protection under the Endangered Species Act, the North Atlantic eight whale (Eabaloens
wlacialiv) has shown little recavery. Indeed, recent analyses supeest that survival rates and population abundance
levels have declmed. Lack of recovery is partially due to continued anthropogenic mortality, due primanly o
cntang lement o fxed fishing gear and ship strikes, The 1994 amendments o the Marime Mauoal Protection Act
provided an immportant tool for the reduction of gear interactions through the development of take reduction plans.
On July 22, 1997, NMFS published the first results of this process as included in the Atlantc Targe Whale Take
Feduction Plan: The Plan contained a namber of approaches to reducing pear interactions. Some deall with
msdlifeations w shing gear, while others dealt with fishing time and grea closures in critical righe whale habitat
arcas. Swce 1997, NMEFS and the Atlantic Large YWhale Take Reduction Team (ALY TRT) have monitered the
elfcacy of the plan and made significant modifications to the Plan in February 1999 and in December 2000
However, entang lements and associated mortalities of right whales have continued. This has led 1o the
development, beginning in February 2000, of a revised stategy to further reduce gear interactions. This strategy,
which 13 currently usdersoing implenentation, has three elements-1) additional time-area closures to all but wiale
safe grar, 2) additional gear modifications im other areas, and 3) enhanced moniloring of the Plan's ellecivencss,
Thes prosl hill._[rl.irll;-:.i]ll Ol these elermenls gre ]EIu:I:,' (Fies el ol pear resh iclions, Fost, areas with pr-m]i;:’.ah]:; auiial
concentrations of right whales will be considered for Seasonal Arca Management (SAM). Such arcas would have
sp=cilic boundaries and pre-designated . Specification of additional SARM zones contimues the manageiment
approzch used in 1997 in establishing the Cape Cod Bay and Great South Channel Restristed Aveas for right whale
conservation. Second, areas without predictable concentrations may be considered for Dynemic Area Manapcmenl.
It these areas, additional gear restriclions will not be mvoked unless concentiations of right whales have been found
by quahiled observers, Opee concentmtions are seen, NMEPS will imvoke a simnnuin two week restricted ared
around the animals, With these imanagement measures in place, NMES etforts to recover the Notih Allantic right
whale will new turn to dealing with ship strike mormalitics,

RECENT PUBLICATIONS AND PAPERS:



Tab 4,

Abstracts -- Right Whale Consortium, QOctober 2001



- Right Whale
Consortium Meeting
2001

Abstracts



Rirht whale nighttime leeding behavior in the lower Bay of Fundy:
Inferences from a study of Calarus finmarchicus diel vertical migration |

Mark F. Baumgarmer', Robert G. Campbell’, Gregory J. Teegarden” and Timothy V.N. Cole®
'‘College of Oveanic and Atmospheris Sciences, Oregon State Univ,, “Graduate School of Oceanography, Univef RI,
'Environmenial Studies Program, Bowdoin College, *“Northeast Fishenee Science Center, NMES

Recent chservations of right whale diving and foraging behavior in the lower Bay of Fundy sugpest that daytime
feeding ocours on relatively deep layers of Colonus ffnmarchicus (100-200 m). Migration to the surface at night by
these layers of C, finmarchicis and subscquent surface feeding by right whales may (1) increase the risk of
collisions between right whales and ships and (2} increase right whales' exposure to natural saxitoxins thal may be
accumulating in C. finmarchicus which are actively feeding in surface waters whore toxic dinoflagellales
(Alezandrtum spp.) are abundant. We examined the diel verical migration of C. finmarchicus from the NOAA Ship
Alhatenss IV at two ocesnographic stations in Grand Manan Basin beginning on July 29 and July 31, 200]. The
vertical distibution of €. finmarchicus was measured with an optical plankton counter (QQPC) every half hour overa
28 howr period and depth-stratified plankton samples were collected with a multiple opening-closing net
(MOCNESS) every 6 &r 12 hours, The OPC data suggest that the highest abundances of C. finmarchices ocourred
below 100 m in layers that did not migrate to the surface at night. However, the OPC detected a layer of C.
finmarchfcus that resided at approximately 50 m by day, migrated to the surface at sunset and retumed o depth
again at sunrise. Preliminary observations from MOCNESS samples, egg production experiments and feeding
experiments indicate that this nighttime surface layer was an actively fecding and reproducing population consisting
of nauplii, all copepodite stages, adult males and adult females. [n contrast to the surface layer, the abundant deeper
lavers consisted predominantly of less active stage 5 copepodites with well-developed oil sacs. Despite the
accessibility of the C. fTamarchicus surface layer at night, we think it is likely that right whales continue to feed in
the deeper layers throughout both the day and night becausc these layers contain much higher concentrations of the

most lipid-rich copepodite stage of C. flamarchicus.

MNortheast Fisheries Science Center acrial surveys for right whales (Eubalaena glacialis),
March - June, 2001

Timothy V.N, Cole, Amy Renner and Fredenck W. Wenzel
Mortheast Fisherias Seience Center, MMFS

The Mortheast Fisheries Science Center (NEFSC) conducted systematic zerial line transects {for right whales

( Fubalaena glacialis) between late March and early June, 2001. The study area encompassed waters from eastern
Long Istand (72° 51' W) cast to the Hague Line (66%40° W), and from the New York shipping lanes and the
southern edee of Gearges Bank (4072 1" N} north 1o the entrance of Penobscot Bay (437 400 N). A senes of 13
transect lines spaced 20 nautical miles apan was completed twice in 12 Mights. On four additional flaghts, fine scale
SUTVEYS were mnade over small, bgth}-mclﬁ:;ally defiried areas in s=arch «:;:f‘:'ight whale nggregntiﬂm- Al of the
(ights were performed at a speed of 100 knots at an altitude of 230 meters (750 feet) using a six-seat, high-wing,
amphibious aircraft equipped with bubble windows. Environmentsl factors allecting sighting conditions were
logged on all Mlights. When nghl whales were located, attempts were made to photograph them for individual
identilication. All of the photographs were subseguently submitted to the North Atlantic Right Whale Catalogue,
lioused at the New England Aguarium, Dhuring the surveys, observers were on watch for a total of 80 hours and
reconded 73 sightings of night whalcs. The scasonal timing and disinbuotion of right whale sightings in relation 1o

survey offor are discussed.



Can tagging right whales aid in their conservation and recovery?

Bruce Mate
Chegon Stole University Manne Mammal Program, Sewpoot CF -

Ty

Drunng July/Awgust 2000, we mstrurnented 16 North Adlantic nght whales wn the Bay of Fusdy with Asgos
{sateliite-monitored) radio tags coated with 2 lonp-dispersant antibiotic, Our immediate objective was o wdentify
oceanographic correlates of rght whale summer feeding habitats, and ultimately, fall migration routes 10 a5 yet
undiscovered wintening areas. We heard from 2 whales (75%) 9 of them (56%%) provided locations for = five days
(= =43.4 d}, accounting for a total of at least 16,132 km of travel (= = 1,792 km). The longest track (6,505 km and
126 days) was of an adult female which migrated 1,928 kmin 23 davs (% = 3.5 km'h) o Georpra, where she was
resighted 126 days after tagging by other researchers (C. Slay) using our Argos locabon dals dunng an aenal
survey, All whales tracked for more than 23 days lefl the Bay of Fundy at least once, traveling broadly over the
enstern Scotian Shelf andfor throwghout the Gulf of Maine, Average speed was L8 km/h. Most loesthions were over
shallow shelfl waters (88% in < 200 m depth) and 75% were < 30 km from shore. Examination of photos by ather
rasearchers collectod im the Right Whale Consontium catalog taken of tagged whales afier ransmissions ceased
revesled that one had 1ost its tag, and 6 of 7 others had either a broken antenna or saltwater swilch, accounting [or
789 of resighted tag falures. Analysis and re-design of those elements have heen completed. Tageed nghtl whales
kave been resighied with tags still attached for more than one year, suggesang that long-term tracking 1s feasible,
Despiwe our antenna and sallwater switch problems, a higher percentage of taps apphed in 2000 lasted =5 days
{56%:) than Lor earlier (1989-91) surface-mounted Lags (47%), Tags apphed o 2004 also performed 226% longer
than earlier designs (% = 19 days).

Studying North Atlantic Right Whale Reproduoction Using IFecal Steroid Hormaoness An Update

Rosalind M. Rolland’, Kathleen Hunt®, Scon Eraus', Todd O'Hars?, Samucl Wasser®
'"Mew England Aquarive, Bostor, MA, PUniversily of Washington, Seatde, Wa,
Department of Wildlife Munapement, Barrow, A

One af the fucors impacting recovery of the North Atlantic right whale { Ewbelasra glaciaflis) population is a
siznificant decline in suceessful reproduction over the Last decalde, The reasons for this reproductive dysfanetion
are unknown, and few methods are avadable to stedy reproductive function and physiolegy in fghl whales, Qe
the past rwa vears we have validated o radio inununoassay technique that measares the metabolites of steroid
howmomes in right whale feces. Using this methed, we are able 1o accurately measure the metabolites of estrogen,
testosterone, progesterone and glucocorticeids (stress hormones). Fecal hommone levels tend 1o be less varinhle
than blood values, as the nonnal honmone Duciuations in bleod are averaged our, simplifving interpretation. Since
19949, 62 fecal samples have been collected from rght whales feedig i the Bay of Fundy, and many of the samples
can be linked to known whales through simultaneous pholo-adentihication. Samples have been collected rom a
cross section of the popularion incliding sdult males and females, calves and lactating, mothers, allowing analysis of
hormone resieles an relation to apge, sex, and reprodicctive history of the individual, The glucocorticond assay
provides a new ool wilhy which we stuly stress in right whales, including s relationship with reproductive condition
and eivvirciunental factors. Ly a parallel comparative study we e analyvzing (e same hormones i blood and leees
collected from the western Arche bowhead whale (Halaesa orpsficeins) damg the spong and fall lowt buds o
Alaska. Bowheads arc being used as areference population for the naht whale studies because of their close
texonemic relatonship with apht whales, becasss the population &5 erowing and reproductively healthy, and
hecause fresh tssue and [ccal samples can be callected doring the hunt. Fosthermore the resolts of the hormone
i.'II'I-EI.]_‘r'f-iifi can be comelated with the reproductive condinion ol The whale throneghe dimect examimation of the
reproductive tacts. Because of specivs diflereaces in hormone mecibalism, the same 4 hormaone assays are
currenily heing validsted for vse o bowhead whales. Simee 2000 wee e ol lected snmples froom U bowhead
wiales that are currcatly bemng assayed. This comparatuve stady wall provide baseline data wath which 1o
comparabvely asscss the relationsbip between fecal hormoene levels gnd reproduective condition in a larpe baleen
whale 1that can seaee a5 8 eode] Tor studoes o the Notls Aluetoe 1 oehn whale:



The North Atlantic Right Whale Catalog: An Update

PhiTip Hamulton
Mew England Aquurium, Boston MA

The New England Aquarium is the euerator of the North Atalantic Right Whale Catalog- a compilation of nearly all
the photographs tidken in the North Atlantic. To date, the catalog has over 23,000 records of 410 di flerent
indidviduals, 14 of which are known to have died. Of the remiaimng 394 whales, 301 have been scen alive in the lase
six years, Each ygar, the MEA receives photographic contributions from an average of 15 individuals!
orpanizations. With this effort, nearly 70% of all the whalss belicved to be alive are identified annually, The sex
ratio for the population is nearly 30/50, with over 80% of the identified whales sexed. Over B0% are adults. A
average of [0 new whales have been added to the catalop annually since 1992 some years these arve all calves and
ather years they are all new non-ealf whales (some of which are presumable non-identified calves from previaus
years), Im 2001, 31 calves were bom, the highest count since ploto-11) eilons began. The mean age of first
parturition tor eight of the 11 primaparous females in 2001 was 14 (over four yeass elder than the mean for the
population previcusly), thouph there may have been misscd calvings for some of those females. The mean inter-
birth interval for the 20 cows tiat had calved before was 6.2 years which supports the increasing imterval reported
for the 1990%. Although the analysis for 2001 is not complete, at least 16 of the 27 calves thought to s alive were
sighted in nodhen waters and hopefully all will be photo-identified. There were four confirmed deaths in 2001 - all
calves of the year. Two were confinmed ship-strikes and two were of undetermined cause, In addition, the entangled
whale "Churchill®, an adult male with a sighting histery spanning 21 yeurs, is believed to have disd, though no
CATCASS wWas relraeved,

Scarification Analysis of North Atlantic Right Whales:
Monitoring Rates of Entanglement Interaction

Amny K. Knowlton, Marilyn K. Man, Heather M. Penis, Philip K. Hamilton, snd Scott 1, Kz
New England Aquaciue, Bustan, MA

Scarcoding of night whales was initiated in 1996 10 assess all types of scars found on right whales. All
photoapraphed sightings of excl mdividual 1 the photaidentification catnlog were reviewed to determune the Ly
and placement of various scar types oo different regions of the body. Coding was done for each seasonfvear that thie
individual was seco. The most critical aspect of ns project was Lo assess the frequency and rate of entanglement
scarnng. Ta address the feasibility af detecting the bewetivs ul changes wa fishing activities 1o protect right whisles,
two analyses were carried oul. The first analysis was simply an asscssment of tie Lime pernicd in which each
entanglement mieraction acenrred and displaved on an znswal basis, In order 1o detenmine if AN gement fmisrsires
are providing any benefil, it is impartant ta he ahle to datest interactions within a short tune period, sdeally within o
yeur, after they oour, Thus far, 219 ul 411 animals have heen coded for a1l veaes from 1980-2000. When two iy
yoear periods, 1985 1990 and 1995-2000 were compared, (the diats show that 66 and 69 entanglement inleractions
were detected in each penod respectively. In the [955 1990 penod, the Gme-frame of 39 aut of 66 interactions
could be determined with 19 (29%) of thess kngwn 1o have securred within a enc vear period, In the 1995-2004
preerdekl, thee tieme-Trarne of 63 out of 69 interactions could be detetmnmed sath 13 (48%) determuned b have ocearred
within @ one year peniod, Tlis wicrease i our abilicy to deterniine the time-Trane of entanglemen! interactions is
likely the result of recently increased surveillance effors m ellshore aress as well as a shili of many anicials il
the Bay of Fundy whers annus| offort is consistent. A second analysis was andertaken o evaluate the percentige of
adegualely photopraphed animals that experience an entanglemens in 8 given vear. For eacl conseculive Lrgr-y ear
pertad, the animals seen i both years were aasessecd e see i their il region was adequately phatographicd aod if
evidence of entanplement was detectad in the latter year, The nunsher of adequately photapraghed animals between
(984 and 20063 (oot that F99G5-20000 alata is not complete) e from 11 10 75 animals, The N i
wibequately photeraphed anmmals wath new cntanglement <o s prnipred from 10 28% ;_'|||||||:;||:..' These analyses
suggest that it may be possiblie o detcet annual entanplement leveis as long 85 surverllzamere o Toil retmains hijh
Whether ot wall be able o deteet trends in levels rimams unclear s a greal deal of varalbity may be intriduced Iy
changes i npht whale distabaton amlior chignpes o fishing eear distribotion or levels



Fight Whale Entangleanents and Disentanglments, 2001
Mawe Mlarin
Center for Coustal Stodies, Provinecetown MA

In 20031, four entangled right whales were ohserved (right whales #2223, FIG2, 2427 and one unknown}, Fwven
though repors of entangled right whales were distributed evenly among ohssrvabion plationmns there was a
dowenward trend in overall separnts Joan [ashennan, senal sud network members. Two cases were deemed
sucvesslul disentanglements (#2227, B2427), one case 15 ]l being monitored (veknown), and right whale

i1 10 s ("Churchill™) condition is unknown. Some telemerry tracks Fom two of these entanglements will be shawn
allowing insight to their travels, Ripht whala #1102's saimple lut Hife-chreztening entanglement required new
protocnls and techniques. A maior collaborative effort was undertaken o implement a rescue plan inualky
develaped during the Large Whale Medical Workshop held in 2000 This plan included the Grst delivery of
sedotives w g [recswimming whale, along with the cortinued development of several tail harmess systens, i order
1o atempt a sate disentanglement. Ao overview of the case weth these umque developrments will be presented.
Alchough multiple eflorts did net suceesd in resing right whale #1102, several advances were made which may be
teneficial for future difficult disentanglernents.

Assessing ship strike risk fuctors, an update on the DTAG project

Douplas Mowacek', K. Alex Sharer ?, Jim Partan’, Carol Carson', Susan Packs', Mark Johnson!, Peter Tyack!,
Diee Allen!, Slephznie Nowaeek®, and Alessandro Bocconeel i
"Wonds Hele Ocesnographis [nstitwion, Woods Hole, MA, Tortheast Fishenies Seicnce Center, Woods Hele, MA
Iaticnal Museurn of Katural | lisdory, Smathsotian Institetinn, Washington [0,
*Chicago Zoologizal Syciety, Mot Manne Laboratory, Ssosota, FL, *Ceater for Marnine Science Research, University of
N. Caruling Wilniington, Wiltington, NC

To ceutinee our investigation of risk factors invalved in collisions between stups and right whales, we attached fags
to 3| whales during July and Awgust 2001, Approximately 60% of the tegs remained attached for =30 min,, and of
these tags spproximately D0% were knocked-ofT by ather whales lretore the scheduled release ttme. To mveslipale
the whales* reactions to the presence of chips we are evaluating their response(s) to both controlled sound exposures
and ‘epporiunists’ appoachies, The two contolled sound stimuli are right whale social sounds and the sounds of
an approaching ship. Opportunistic approaches ocourred as vessels moved toward or past tagged whales. We
condusted ten controlled sound exposures Lo tagred whales, and we charted the movements of 34 vessels ag they
mioved within 5 km of aur ohservation host, By comporing thess experimental sttuations with control penods we
are eyaluating whether and, if 5o, how the whales respond in the presence of vessels. Quantities being evaluated
include chaness in uke siroke rate, ovientation, beading, depth, and vocal activity. We have also updaled our non-
invasive stachment system. As the tags were attached, suction was actively pulled in the two cups via a suction
reservorr in the pole, In addition, to eounteract natueal pressure leskage ont of the cups, an pnboand passive pump
usecl the inercasing pressure during the descent portion of dives 1o pump pas-and/or water out of the suction cups.
Foe the now release meshanism & tube that s plusthed s the intarios of the suztion cups 18 crimped and wrapped
with a picce of corrodible wire during deploviment. At the programmed time the wite corrodes releasing the Somp
allowing waler 0 enter (e tubedsuctivn cup, which releases the suction in the cup and the tag from the whale.



Research, studies and projects in sapport of recommended measures (o
reduce ship sirikes of North Atlantic Right Whales

Bruce Russell
Maritime advisor to the Intemational Fund fior Animal Welfare, barussclliferols_com

Un 22 August 2001 a report, Recommended Measures o Reduce Ship Sirikes of Noreh Atlantic Righ! Whales, was
submitied to the National Manne Fishenies service via the Northeast and Soulheast Implemnentation Teams. The
report was the culmination of a two and a halfl vear project including 2 workshops, 7 meetings with industry groups
and associations, 11 industry bricfings, and 7 Implementation Team mestings, To reduce the sk of vessel
collisions with right whales, three basic management measures, derivatives and combinations thereof are proposed
in the repart to address commercial ships: 1) Routing vessels around high-risk areas. 2) Routing ships through a
high-risk area to mainimize travel distances of vessels and risks of whalc-vessel intcractions. 3) Restricting vesse]
gpeeed throuph hugh-nsk areas

Imposition of these measurss could be seasonal, o year-round and limited to a speeific high-risk arca based on
historical occwrence and other relevanl factors. Imposition of measures could also be initiated wpon the detection
and { ar prediction of right whales in a high-risk area, and might remain in foree until right whales are no longer
detected or have o low probahility of remaming in the area. One or more measures could be imposed in an overall
managernent scheme [or & given area, An inieeral part of the report are recommendations for Researeh, Stadies and
frojects in support of the specific recommendations:

Regional risk assessments. Conduct risk assessments off the Southeast US, in the Great South Channel and Gulf of
Mzine to determine how many vessel miles can be removed from the high density whale areas by safely routing
ships into and out of whale areas using the shortest route possible.

Economic impact analyeir, Condue! more detatled restments of part-specific economic effects by enhancing and
providing more accurate data inte a masdel currently under development.

Assers ternporal and spatial extert of the mid Atlantic migrulory corrider,  Analvas existing data and survey dak
from targeted surveys and other surveillance techniques to detenmine statistical probzbilities of occumrence (time
and location ) of right whales during migrations ofT part approaches from Plock Istand, BRI to Savannah, GA.
Additional genal surveys may be necessary.

Integrate all ovailable information into @ management sysiem. Continue and expand the ongoing development of a
comprehensive information management system using Greograplac Infopmation Systems (G1S) software, This
system will be used to monitor the health of the population and the cfficacy of and cffectiveness of management
measieres designed o reduce human impacts on whales,

Merchant mariner education, Continue, enhance and accelerate the development of a program and outreach
atrateay to azadl manners, worldwide, in voyage planning, qualifications and licensing proprams, and in shipl-oard
safety management planning,

Right whale detection researciimonitoring. 1) Expand aerial sureevs o cover port approaches from Block Island
sound, RI (o Savannah, GA. 2) Evaluate and improve the effectiveness of azrial survey technigues. 3) Continue
passive acoustics detection tesearch and investipale autormation of 4 real-tUme system suitable for deployment
offshore. 4} Continue research into the biological and occanograpluc *predictors’ of nght whale distnbution on
suitable scales in support of an "expert system” to predict right whale occurrences in high-risk areas. 5) Evaluate the
effcctivencss, methods and safety (to the antmal) of satellite tagging and il appropriale develop and implement a
pragram o address specific information gaps on the ocourrence of right whales in high-risk arcas.

Right whale behenvior i relafion to ships. Develop a research program to imprave the understanding of how riphs
whiales react to approaching vessels, Characlenistics of changes in a vessel's sounds may enable s whale to hear an
approaching vessel #o realize that there is 2 threat of a collizion. From reviewing anecdolal evidence about ripght
wihiale reactions to approaching vessels, it seems that some right whales may be reacting to changes in the sound
ertanating form the vessel. For example, small changes in prapeller speed or pitch (for vadahble pitch propellers) or
smiall chanpes in the vudder anple,

Active sorar detection, evaluation of concept provf. Before furtlier discussion on the potential use of this
lechnology, the practical application of active gonar detection needs to be realigtically presented | including, [oe
examprle, realiztic ume frames for the required technelogical development and careful consideration of possible
environoenial mnpacts. Sevoal iesarcherns Bave adve Used an unproven eshnolopy Ul conld detect nght whndes

ahead of shop using active sonar, ot authories acd the shapping mdustry have cobaeed the concept as 3
technologic solution instead of or i addiion to other management ophions. [ contrast, acousie experds have
exanuned the pse of active somar and have dismassed the approach as unworkable,

Mortafity: Assess propeller cois o determime if vesscl size can be estimated,



Mualecular amalysis of stress activaled proteins and genes in cetuceans: a new methadology for
monitoring environmental siress impact in right whales.

Sarka (3, Southerm and Andy E. Dizon
Department of Molecular Genetics, SWEFSC, NOAA, 1.alolla, CA

Global elimate change and the prowing impact of human activitics have created an increase in environmental siress
in almost all ecoswsiems. Chronic exposure to increased siress can trigger a significant perturbation of physiological
homenstasis and facilitale the emengence of serions health problems in exposed popalations. In the recent years,
cetacean papulations were seriously aftected by the pundemic of morbilliviral infections, outhreaks of discases
caused by influenza viruses, fungi and algal toxins, Sone cetacean papulations, invluding the western population of
gray whales in the North Pacific and the North Atlantic right whales, have begun (o decling due to wdiopathic
wasting conditions and low reproduction rates. Have environmental stress contributed to these health problems?
Cetaceans are top predators encountering d iverse forms of environmensal stress including climate varability,
Biotoxms, miections disesses, habitat al teration/destraction, pollutanis, and fishery, Currently, there are no tools to
directly measure the physiological impact of environmental stress. The overall health of a population is typically
ssessed with the tools o population dynamics. However, this approach is incapable of providing carly warnings
about the impact of envirimmental stressors. We have initiated a snady of the molecular mechanisms of cetaccan
siress responses to provide basis tor the development of new diagnostic tools for marine mammal conservation ard
management, as well as novel insights into the mechaniszns of mammalian stress responses, We have developed o
new methodology for detecting the molecular signature of chronic physiological stress response in murmmals. The
mpdecular signatore of §tress response cin be wsed as an early indicator of exposure to increased enviromen Ll
stress, and compromised health, The methadology is bascd on analvsis of the expression profiles of stress-activated
proteins and gene branscripts n field micro-specimens of skin or blood, The development of this methodology has
urvalved the analysis ol'a reference set of specimens with known health status (elinically disensed, highly
phystolomeally stressed, or healthy) that seeved as a made] ol chronte, aeute and baseline physiological strass, The
specimens wers obtaned from 100 individuals representing 8 cotaccan species. Comparative analysis of expression
profiles of 4() stress-netivated proteins was performed using computer-assisted quantitative immunohistechenmistry,
High throughput analysis, such as necessary for ecolopical-level studies, was suppormed by the use of multi-
specimen sldes and novel mulli-{argel siress antibodies developed in our laboratory (1, 2, 3). Comparative analvsis
LII_EJ-:]JJ'E'EEiBH profiles of 4000 gene transerpts was performed using bkman gene nicroarrays, Currently, this new
methodalogy has been applicd to cvaloate the impact of tuna fishery on the spotied dolphins in the Tastern Tropical
I'acific (4), and the effects of environmental stressors on the emergenes of wasting conditions and low reproduction
rades in the Norlh Pacific gray whales (5, 6). In the right whales, the reference studies based on compamtive
analysis of expression profiles of 40 suess-acti vated proteins in skin, indicuted 2 baseline stress response in a
NPRW £13191 (live biapay), & low-level increased stress response ina NARW Z15112 (live biopay), and a luglly
irrereased siress response inan injured NARY 213080 (a ship-strike, a necropsy, ). Recently, we have received skin
specimens from the entangled NARW 1102 that has died recently off Boston (sampled July 10 and 14, 2001), and
the entangled’ released NARW 2223 (Calvin, May 2000). Analysis of these new specimens, together with the
previous reference KW specimens, deteninined a high stress responses in bolh specimens [rom NARW 1102, and a
basehne stress response i the NARW 2223, We propose that the new methodolopy for molecular analysis of stress
response developed in our laboratory provides 3 powerful new approach to evaluation of environmental steess
impact and health statas 10 wild cetaceans, and could be used o provide new insighls into the ecology of
endangered rvight whales, to suppor future conservation/management d ccisions.
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GI5 Modeling of Right Whale and Ship Traffic Distributions:
Drecisivn Support for Right Whale Conservation

) Leslic Wand', Krist Schumacher', Greg Silbed, Alex Smith!, and Cherie Kelled
'FL. Fishiand Wildlife Canserv.Comm., FMRI St Petersbugg, FL, *NOAA Fisheries, Office of Protected Kes, Silver Epring, MU

A comprehensive Geographic Information System (GIS) has the potential ko support conservation efforts through
integration of biological, human use, and manapement information, We are using IS methods 1o model serial
survey effort and whale distobutions, map and spalyze ship traffic and to explore whale allanity to specific habital
features. In concert, these methods have the potential Lo assist manapers by providing a process for supporting data-
driven decisions in assessments of risk. Specifically, whale sightings and ship maffic data can be used to help
identify temporal and spatial distribution patterns and relative sbundance estimates in combination with threats of
collisions with ships. The Florida Marine Rescarch Institute is warking in collaboration with NOA A Fisheries, the
New England Aquarium, and the Georgia Depariment of Natural Resources o combine several ycars of aerial
survey data collected in the southeastern U.S, to map the relative abundance and distribistion of right whales in the
winter calving grounds. Along with aerial survey data, we evaluated ship traffic and volume using data pencrated
2y the ledenlly implemented Mandatory Ship Reporting System (MSRS). Under the system, all coinmercial ships
areater than 300 gross tons are required to report to the MSRS when they enter either of two arcas surrounding
designated eritical habitat: one in waters of the norheast LS., the other off the southesst .S We used data from
the first year of the systems’ operation to characterize traffic pattemns within the critical kabilal and to deserihe ship
wpeeds. To map serial survey information we generated GIS files representing point locations of nght whales and
areas surveyed using aerial sighting and effort data from the right whale consortium database. We then developed
(513 methods to transforn 4 map of point locations of right whales snd polygons representing cumulative survey
effort into a contoured sur face illustrating relative abundance. This techiiggue can be used to display the local
intensity of points, indicating areas of higher-use. To map chip traffic patterns, travel paths or tracks between
sequential ship locations were estimated using the customized ArcView progoams. Quality-controlled ship tracks
were inlersected with right whale critical habitat boundaries 1o determine the number of transits through these areus.
A total of 452 ships entering the northeast reporling system (65% ol all valid reports) also entered the northeast
right whale critical habilst areas, All southeastern tracks intersected the critical hahitat ares for right whales, In
addition, density swifaces were generated from ship entry Tocations ta help Wllusirate zreas of shundant traffic. We
hope that the retrospective analyses of MSRS traflic relative to the occurrence of verilied right whale distrihutions
will contribute to steps needed to hielp reduce the risk of whale-ship collisions in aress historically surveyed.



Northeast Fisheries Science Center/ Protected Species Branch
Right Whale Aerial Surveys 2001

- Survey period from March 20 thru June 07
~ 17 days flown

- Number of right whale sightings:
I 8 on broadscale tracklines

“ 068 on exploratory tracklines
Number of right whale individuals:

1 10 on broadscale tracklines
“ 84 on exploratory tracklines

~ 3,304.5 nmi of broadscale trackline completed
~ 7,110 nmi of effort

- 80.02 hours spent on walch
- :

Provided by Tim Cole



SIGHTING ADVISORY SYSTEM (SAS) AERIAL SURVEYS — 2001
NMEFS, NORTHEAST REGION

1. Survey Penod: 29 Mac 01 - 14 Jul 01
2. Days Flown: 50 (including 8 sborted surveys)
4. Number of Right Whalz Sighdngs: 251 1
4 Number of individoal Ripht Whalag: S08 '
A, Total number of ether marine mammals sighted: 12778
Trackling miles flown: ~14%23 NM *

(. Survey alatude flown: 1000 fi
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New England Aquarium EWS Aerial Surveys 2001

121 days on site 12/0/00 - 033101 T8 surveys (O8 complete [ 10 partial)
26 complete surveys surveys with Beauforl sea state < 4 (22% of days on sile, additionally, many
surveys arc completed with part of the survey being flown wilh sca state < 4, see trackline mi les).
233 sightings (156 sightings of m/c pairs) 83 individuals sighted (27 m/c pairs)

42,534 tracklime miles available (121 days x 354 NM per survey)

24,400 trackline miles flown (57% of available miles)

18,791 trackline miles flown with Beauforl sca state < 4 (4% of availahle miles)

I sighting per 105 transect miles flown
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Results of 2001 GDNR/I'MRI/NMFS Offshore Aerial Survevs for Right Whales
L i y . . 5
Barbara 1. Zoodsma,  Cyndi Taylor-Thomas, Lisa Conger, and jKr.ith:,f Wang
i :
Georgia Department of Natural Resowrces, One Conservation Way, Bronswick, GA 31520

:
Past: Florida Fish and Wildlife Conservation Commission, 7425 Baymeadows Way, Jacksonville, FL 3225
Present The Ocean Conserva ney, 1725 DeSales Strect, NW #1600, Washington D.C. 20036

4
. Newr Eniglasd Aquanum, Central Wharl, Boston, MA 02110-336%
Netional Marine Fisheres Service, Y721 Exevulive Center De, M. &t Petersbure, FL 33702
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* TForty surveys were conducted from January 3 to March 14, 2001

«  Roughly 14,370 (rackline miles were flown

* Tosightings were documented: 40 in the offshore area (ingluding the butler zone between the
Farly Warning, System (EWS) and the offshore area), 35 in the EWS area, and 1 in the FMEI
area

« Ofthe ammals observed in the offshore area, 36 were of di Terent individuals, ineluding 22
mothericall pamrs; 35 of the animals were of known subadultséadulls

Provided by Barhiss Aovidsmma



Results of 2001 GDNR Inshore Aerial Surveys for Right Whales
Buarbaza J. Zoodsma, Adam Mackinnon, and Mark G. Dodd

Creorgia Departrnent of Matural Resources, One Conservation Way, Bunswick, GA 31570
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¢ Seventeen surveys were conducted [rom November 28, 2000 to March 16, 2001

o Just under 6,000 trackline miles were [Town

e 2 ziphtings were documented in the study arey

o 32 different individuals were docuimented, including ¥ mothee/calf pairs; 18 of the animals that
were sighted and photodocumented were of known subadulisfadulis

provaded by Tarbara Zoodsma



Tab 5.
Reports of NMFS-Convened Workshops
Workshop on Causes of Reproductive Failure, April 2000

Reeves, R, R Rolland, and P.J, Clapham (eds.). 2001, Causes of
reproductive failure in North Allantic right whales; new avenucs of
research. Report ol a workshop held 26-28 Apnil 2000, Falmouth,
Massachusetlls, 46 pp.

' Workshop on Predicting Right Whale Habitat, October 1998

Clapham, P.J. 1999, Predicting nghl whale disiribution, Repord of the
workshop held on October 1st and 2nd, 1998, Woods Hole,
Massachuscuts, Northeast Fisheries Science Center, Woods Hole,
MAL 48 pp.
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EXECUTIVE SUMMARY

Diespite its protectzd starus, the westemn Nowth Atlentic right whale ( Ewbalgena glacialis ) population remains critically
endangered, numbering about 300 individuals. This population’ s recovery has been hindered by at least three factors:
monality from ship strikes, mortality from entangiement in fishing gear, and, in recent years, a significant decline in
reproductive success. A workshop was held in Falmouth, Massachusetts an 26-18 April 2000 o examine the possible
causes of reproductive dysfunction in this population {inchuding survival and recruitment of calves) and to develop a
feasible nesearch strategy o investigale these factors.

An international group of panicipants attended the work shop, including 15 scientists representing a broad range af
disciplines including pathology, mxicelogy, reproductive biology, nutrition, reproductive endocrinology, chemsiry,
marine biology, lirge whale biology, genetics and veteri nary medicine. The workshop was designed to be mulri-
disciplinary, bringing together a wide range of expertis ¢ with expericnce studying a varery of taxe lo provide &
comparative dimension 1o the discustion.

The workshop fucused on five factors as potential contri butors to reproductive dysfunction in North Atlantic right
whales: 1) environmenial conmminants‘endocrine disrapt ors; 2) body condition/nutridonal stress; 3) genenics; 4)
infectious diseases; and 5) marine biotoxins, Onthe first day ofthe workshop plenary presentations reviewed the current
eratus of the population and summarized relevant research and necropsy data. On day two there was 2 comparative
review of causes of reproductive failure in mammals in gene ral and a review of reproduction in the MNorth Atlantic right
whale, especially focused on where in the reproductive cycle im pairment ar faiture might be occurring. Each of the five
factors was discussed in detail; for each factar, discussions included a review of the existing knowledge of cffects on
reproduction (in any species), & review of the available data for effects in North Atlantic right whales, an evaluation of
the likelihood thar the factor is affectng right wh abe reproduction, and development of testable hypotheses.
Consideration was also given to additiomal factors (such es habitat aberation or loss) that could he impacnng
reproduction. The final day of the workshop was devoled 1o designing a prioritized research program o test the
hypotheses that had besn developed and to a discussion of appropriste “control” population(s). Based upon discussions
with participants both at and after the workshop, a probl em-based approach was developed as a framework for the
research program, An allernative hypothesis-driven approach wasalso developed by one of the participants subsequent
w the workshop, Both approaches are meluded in this report.

The workshop concluded that if calf production and recruitm ent do not recover from the low levels observed o recent
vears, the population of North Attantic right whales is unlikely to recover, even if known anthropogenie causes of
mortality ere reduced to zero. Therefore, the participants  emphasized that it is important to determine the cause(s) of
the repraductive dysfunetion as eoon as possible, and str ongly recommended implementation of the propesed research
program. The workshop concladed that none of the five factor ¢ considered could be eliminated as a possible conmbutor
to the observed reproductive dysfunction, and that interacti on among two or more factors (possibly over different time
scales) is more likely than a single cause, [twas stressed  that the research program should consider all factors and be
irtteraetive and multi-disciplinary in nature, and the wo rkshop recommended development of a stesTing conmumittes to
provide central coordination of the research. The work shop further recommended development of a comprehensive
datahase linked for all whales acrass all research programs to allow for multivariate analyses using different data sets.
Finally, the workshop recognized the importance of the long-term right whale research program and the photo-
sdentifieation catalague and recommended full continuing support for these activities.
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1. INTRODUCTORY ITEMS

The Workshop was held in Falmouth, Massachusetts, on 26-28 April 2000. The Workshop steering commities was
chaired by Roz Ralland of the Center for Conservation Medi cine, Tufts Universiry, and inchuded Phil Clapham, Sc¢att
Eraus, Michael Moore, Teri Rowles, Bru ce Ruseell, ind Greg Sifber. Participants included scienfists from a vansry of
disciplines such as pathology, toxicalogy, nutrikion, repr eductiveendocrinology, chemistry, marine biology, large whale
biology, genetics, and veterinary medicine (Appendix 1). The expectation was that this broad range of expernse would
provide a useful comparativ e approach to the issee.

Michael Sissenwine, Science and Research Director of the Northeast Fisheries Science Center, welcomed participants
to the Woods Hole-Falmouth aren and briefly summarized the main elements of the Northeast Center/Northeast Region
right whale research program. This program focuses on three topies of particular concern: ship strikes, entanglement
ins fishing gear, and reproductive dysfunetion. The ship stri ke isgue is being addressed through 2 surveillance and carly
waming effort and by an attempt o develop an acoustic met hod for ships to detect {and thus avoid) right whales, The
entanglement problem is being addressed by seeking to deve lop alternative fishing gear and methods, and by supporing
disentanglement effors. The problem of reproductive dysfunc tion is not yet being addressed i a systernatic way, and
Sissenwine expressed hope that the workshop report weuld provide guidance in this regard.

Sissenwine acknowledged the financial contributions ta the Workshop from the Intemational Fund for Animal Welfare
and the Izland Foundation, as well s from the National Marine  Fisheries Services Recover Protected Species program.
Clapham, the local convenor, acknowledged the hard work of Sara Wetmore, Cheryvl Kins and Deb Depunte in helping
with the Workshop logistics.

The Workshop was chaired by Peter Best.  Randall Reeves gcted as rapporteur, with assistance from Greg Donorvan.

1.1. Objectives of the workshop

The Workshop had been prompted by evidence that reproductiv e dysfunetion may be a contributory factor w0 the failure
of the westemn North Atlantic right whale { Eubalaena glacialis ) population to recover (IWC, in press o in press b). The
Workshop goals were to identify factors potenrially affecti ng reproduction (inchuding calf survival and recruitment) and
to-develop an appropriate and feasible research strategy to investigate these factors, The sirategy was (o inchude: {a)
development of testable hypotheses, (b) drawing = distineti on betwesn those factors that can be studied with eXising
research technigues and those that require new techniques, and (¢) developing priontized recommendations for new areas
of research. Prior to the Workshop, five major pot ennal factors had been identified: (1) environmental
contaminants/endocrine disruptorss (2) body condition/nutritional stress; (3) genetics; (4] pathology/infectious discases;
and (5) biotoxins. Finally, the Workshop was to consider th ¢ importance of its conclusiong and recommendations in the
broader context of the conservation requirement s of westem North Atantic right whales,

The North Atlantic right whale population {estimared st around 300 animals, TWC in press b) has been smuded
intensively for the past 20 years. Almost the entire popula tion is believed to be represented in a photo-identification
catalogue muaintained at the New England Aquarium in Bostom, A largs proportion of the population (over 230

individuals) has been biopsied for studies of genstics, de mographics, and skin and blubber characteristics {including
contaminant levels), Estimates of life history parameters  an= available from the observarional and photo-identificanon
work, and some material is available from necropsics of st randed right whales. These extentive datshases provide &
powerful framework for examining factors potentialy associated with reproductive dysfuncton.

Tn addition oo directed studies of North Atlanticright wh ales, the Workshop was to consider the potential for populations
of southern right whales { E. australis ) which are increasing in abundance {and are thus presumably healthy) o act &s

sontrol populations. Also, the closely related bowhead whale { Baloena mysticetus) may be & useful model species
because the Bering-Chukchi-Beaufort Seas population is larg e and robust, and fresh specimen materials are available
from the Eskimo hunt



Although the focus of the Workshop was to be on the Narh Atlantic right whale population, it was haped dhat the results
would have relevance to the conservation of other highly endangered populations as well.

1.2 Adoprion of agends
The agenda developed by the steering committee wa s adopted with only minor changes (Appendix 2).

The first doy was devoted to invited presentations. Each plenary presentation was followed by & brief discussion.
Summaries of the presentations and subsequent discussi ons arc included under the appropriate agenda item in the body
of this report.

The second and third davs consisted of diseuszions of each mgenda item, with the afiernoan of Day 3 devored W the
development of 0 research program outline, Mest of the work was conducted in plenary, although small ad hoc working
groups met nforrally berween sessions,

The workshop report was prepared by tharapportearand & small steering group (Best, Rolland, Clapham and Dongvan)
following the meeting. A draftwas circulated to all particip ants forreview, thenrevised by the rapporteur in consultation
with the steering group, and finalized by the report editors.

1. OVERVIEW OF REPRODUCTIVE BIOLOGY AND REPRODUCTIVE FAILURE
1.1 General review of mammalian reproduction and canses of reproductive failure

hunson provided an overview of memmalian reproduction and not <d the difficutty of determining the precise cause(s)
of reproductive failure or dysfunetion in wild animals. Th ere are numerous potential sites, mechanisems and critical time
periods for reproductive problems, including the hypothaiami e-pituitary-gonadal axis, the gonads, the uterus, foetal
development, and post-partum survival. Inadditionto permanent reproductive failure, animals may experience reduced
reproductive suceess or temporary reproductive failure. Becaw se reproductive function is expendable to the individual,
it can be suppressed under many circumstances, e.g. nutr itional or environmental stress, sysiemic disease.

Loss ofintegrity of the hypothalamic-pisuitary-gonadal exis can resultin (1) absence of or decrease in hormone secreton
(GaRH, LH or FSH), or (2) distuption in the essential timi ng of hormaone release, Gonadal inactivity or lesions (1.e.
abnormalilies) can be caused by many factors including genetic  defects, infoctions disense, degenerative changes,
neoplasia or aging (senescence). Im addition, gonadel probl ems can be secondary to other primary problems such as
nutritional or epvironmental stress, systemic infection, centr al nervous systern disease or toxins. Abnormal penital wact
structure can be the result of developmental defects (gen etic, discase- or toxin-induced) or acquired abnormalines duc
{0 hormone deficiencies or excesses, t oxic exposure or infection. Foetal development or gurvival can be impaired by
genctic defects, nuiritionel deficiencies or excesses, toxi ¢ exposure of infection, Post-partum neonatal death can be
caused by inherited or congenital defects, poor nutr ition, environmental stress o infartious disease.

Infectious agents can eause reproductive dysfunction through a variety of mechanisms, including direct effects on the
central nervous system, damage to the genital tract and dama ge to the foetus. For example, canine distemper virus and
other morbilliviruses can cause systemic problems and disr uptthe hypathalumic-pituitary- ponadal axis, infect the gonads
directly, or cross the placenta and damage the foets (result ng in abortion). Neonatal infections can affect the survival
of newborns, 85 occurred in red wolves { Canis ngfus) {Acton et al. 2000).

Towins and genetic deflects can also operate in a number of different ways (o impair reproductive performance, For
example, environmental pollutants can act at the central ne rYOus ysterm, pituitary or gonadal level to inhibit or over-
stimulate (i.e. dismpt) endocrine function (e.g. PCBs) or cause direct damage lo the genital ract (e.g. EXOgenous
progestins and estrogens) or the foetus. Genatic defects can be manifest by abnormal genital ract development [&.£.
eryprarchidism in Florida panthers { Felis comcolor) (Cunningham ee al. 1999]], abnormal germ cell development [e.8,
decreased spermiogenssis n Ngorongoro Crater lions ( Panihera leo) (Munson et al. 1996) and reduced primordial
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follicles and munimal folliculogenesis in vaquitas ( Phocoera sinus ) (Munson, peTs. gomu.)], predisposition 1o e
development of genital tract tumours [e.g. ovarian, endometrial and mammary gland cancers in jaguars ( Panthera onca)
{Munson 1994) and ovarian dysgerminomas in maned wolves { Chrysocyon brachyurus ) (Munson and Montali 1991))
or embryo-lethal effects.

Reproductive dysfunction in capiive checiahs { dcinoymns fubaney ) was long thought to be related ta the high mcidence
of sbnormal sperm produced by the small, degenertive tests in these animals. However, this dysfunciion is now
attribuited to hypercortisolemia from chronic stress (Wildtet al, 1693, Munson 1393}, with cotticoids acting 3sharmone
disruptors inhibiting gonad function, The eislogy of th ig discovery included the following observations; (1) normal
penitz] anatomy and reSPONSIvencss W eX0geNous hormones, {2) suboptimal spermatogenesis and folliculogenesis, (37
high prevalence of adrenal cortical hyperphasia, and (4) faecal conicoids approximately four times the levels found in
wild cheetahs,

Degenerative changes can ocour in the teproductive mact of enimals that are nulliparous of reproductively inactive for
long perinds of dme. Old female elephants in captivity can  become infertile and exhibit leiomyomas and endomeirial
hyperplasia, Vaquitas exhibit ovarian calcified bodies and early senescence.

The North Atlantic right whale is the only baleen whal e for which reproductive dysfunction has been documesied (see
[tem 2.2). Diespite the fact that other mysticets populations (e.g. gray whales ( Eschrichiis robusius ) in the western
Narth Pacific, right whales ( Eubalaena japorrica)) in the eastem North Pacific, bowheads in the eastern North Atlantic
Arctic, and blue whales ( Balasnopiera musculus ) in several areas) have been reduced to equally low (or even lower)
abundance levels, there is no conclusive evidence of re productive problems in these populations. This may simply
reflect the fact that these stocks have been less well srudied  than the North Atlantic right whale population, or that the
lack of recovery in several of these depleted stock is indeed a striking indication of reproductive impairment. Clapham
noted that there have been no confirmed observations of right whale calves in the eastem North Pacific for at least 100
YEATE,

DeCruise sunmarized the situation of white whales (belugas, Delphinaprerus levcas ) in the St. Lawrence River, probably
the most familisr example of an odontocete population thought to be experiencing some kind of reproductive

dysfunction. The evidence was based upon an age-strucnred population model using data from stranded animals to

determine what proportion of the living population would have to be immature (gray-colored) o replace annual mortality
(Béland et al. 1988). The results indicated that the propard on of immature whales was lower than required to offzet
mortality and therefore that the population was dechning. DeGuiee also reported that per capita calf production in the
St. Lawrence population was less than in the Arctic. Howeve I, ihis conclusion remains ¢ ontroversial (sse Lesage and
Kingsley 1998}, as does the hypothesis that the population is declining (see Kingsiey 1998).

DeGuise reported that detailed post-mortems carried out on spranded St Lawrence white whales did not reveal any
reproductive lesions. Sranded mature males appearcd to  haye normal spermatogenesis, although the lack of fresh
samples of viable sperm precluded examination of sper m morphology and motilicy. Although stranded adult females
exhibited a short-term shutdown of ovarian activiry, this is expected of ill animals, The St. Lawrence white whale
population lives downstream of'a basin heavily contuminated by industrial pollutanis and appears to have an unusually
high incidence ¢f eancer (Martinequ et al. 1999).

Oftedal highlighted the differences in reproductive patte s berween myscetes and odontocetes from a nutritional
perspective, and noted that odontocetes were probably not ve ry good models for right whales. Female mysticcies store
immense quantities of lipids that can be mubilized and transfeme: d rapidly w their offspring, and in this sense are mare
like phocids than odontocetes. Although balaenids have amore protracted lactation cycle than balsenopterids, they are
still probably more like phocids thon like odontocetes (see Oftedal 1997).

Gray remarked that there is nothing unique about either the endocrinology o reproductive physiology of myseicetes and
therefore findings from other, more casily sadied mammals ¢ ould be used to make inferences about right whales. In
particular, studies of other species livi ng in the same habitat would be useful.



The difficulty of isolating a causal mechanism for oheer ved reproductive dysfunction was reiterated. A good example
i5 the mass mortality of striped dolphins ( Sterella coerulevalba) in the Mediterranean Sea (Aguilar 2000). In addition
1o the mortality of individuals, the population was affected by the loss of normal fecundity, manifestin the high number
of abortions and the presence of luteinized ovarian cysts in many adult females (Munson etal. 1998), The laner could
have been caused sither by marbilliviras infection or by high PCB levels (or a combination of both). 1f the reproductive
disorder was caused by the viral epidemic, restoration of reproductive function and population recovery would be
expected during the typical period of immunity following the epidemic. [If, however, the primary cause was PCB
toxicity, continued reproductive problems would be likely a nd this would affect long-term population recovery (Munson
etal 109E).

2.2, Review of Nurth Aflantic right whale reproduction , especially indicating where in the cycle Impairment or
fallure may he sceurring, and development of testable hypotheses

Right whales migrate berween feeding grounds in coul north ernwaters (summer) and breeding grounds in lower latiudes
{winter)., Some feeding occurs in areas between the two ends  of the migrarion, particularly in Cape Cod Bay and un the
Great Sauth Channel during late winter and early summe . Although the location of one calving ground (southeastern
US coastal waters - Decemnber to March) is know n, the bocation of the mating ground(s) is unknown,

Kraus and Hatch (in press) discuss mating strategies in the western North Atlantic right whale population, based largely
on ohservations of surface active proups engaged in what appear & to be courtship behavior (although if a gestation period
ol approximately 12 months is assumed accepted, summer ma fing would not result in conception, unless a mechanism
such as delayed implantation occurred). Females do not a ppear to actively select males but instead create conditions

that lead to competition among males for opportunities to copulate. Sperm competition is also very likely given the
immeense size of the testes  (Brownell and Ralls 1 986).

Appendix 3 summarizes the available information on North A tiantic right whale reproductive parameters (see Krauns €1
al, in press}, In the context of this Workshop, the main points are as follows!

(1) Annual calf production per female is highly variable. Since 1990, the total mumber of calves ohserved (belizved
to reflect the true total in the population) has been about  half what would have been expected from comparison with

Southern Hemisphere fermales. From 1998-2000, annual cal f production has been lower in absolute terms than in
all but one of the preceding 17 years.

(2) In recent years, calf production has been largely from co ws thar do not mke their calves o the Bay of Fundy in
summer. This ‘non-Fundy' component consists of only about one-third of the 70 ‘reproductively active’ females
(i.e. those older than © years that have given birth ot least once) m the population.

(3) Calving interval has increased significantly from the 19805 through the 1990s and now averages more than 5 years.
This increase is apparent in cows of all ages.

(4) The survival rate of calving females shows a significant decline over time {Caswel| et al. 1999).
{5) The survival rate of immatore fernales shows no significant decline.
(6) Age at first reproduction is similar o that in Southern Hemisphere anumals,

(7) The rate of populstion increase is significantly lower th an those of several Southern Hemisphere right whale
populations, and it may have been negative since 1990 {TWC in press a, k).

A number of points were rmade in the general discussion, ma inly concerning the increase in the mean calving interval,
The Weorkshop agreed that the assumption previously made (I'W C im press b), that the peak in 5-year intervals ':.'h:
‘normal’ 3 plus 2} was the result of late prenatal or ne onatal mortality, required further consideranon before being
accepted.



The lengthening of the mean calving interval had been sugge stedin the early 1990s (Knowlton et gl. 1994) but was only
confirmed to be significant in the mid-1990s, Krans commented that had data on the apparcntly complete cessation of
calving by some Fundy females been included in the calving mte rval analyses, the average would be much greater than
5 years. The likelihood model of Cooke and Glinka (1999) t=kes account of this. However, while the mean calving
interval has inereased significandy, indi vidual calving histories reveal that the intervils have not increased for every
famale. Examination of individual calving histories couldprovi de vahuableinsightinto which factors mostaffect calving
miervals,

From experience with other species, it is clear that reprodue tive faihure can occur st severil smges in the reproducove
eyela, as summarized below:

{1} Failure to ovulgte. Owvulation in right whales is assumed to be spantansous as in other cetaceans, and conceptions
ecur primarily during the winker scason, i.e. probably Movember-F ebruary in the Northern Hemisphere (see Best
1994). While it may be possible to diagnose ovullation from samples of feces or blowhole exudates, this requires
knowledge of relative hormone levels at various stages in the reproductive cycle and longirudinal sampling of
individual femnles.

(%} Eailure to mate gt g time when the female is fertile . Sinee the locality of the mating ground(s) is unknown, there
is littlc prospect of addressing mating failure wsing cowrts hip observations as an index of sexual activity. Based on
mssumptions about the gestation period, Kraus suggested that the peak mating period should occur berween
November and the end of Febraory. Courtship groups (‘surface-active groups’), usually comprising 1-10
individuals, are seen on and near the calving prounds inthe South Atlantic (Best and Schaeff, in prep.). However,
such groups are not seen off the southeastern United States in the winter, when most conceptions are thought 1o
aecur, The courtship groups observed on the feeding grounds in the western North Atlantic are often larger than
10 individuats, but Marx commented that smallcourship gr oups are seen accasionally in Cape Cod Bay in February
and March.

(3) Lack of adequate sperm production . Addressing this possibility will require reasonably fresh samples, which in
practice are available enly from stranded or ship-struck s dult males, Munson noted that if right whales are
seazonally polyestrous (like felids), inferior sperm pr oduction could well cause reproductive dysfunciion. Munson
suggested looking for a pointsource of poliution (for exampl ¢ in Cape Cod Bay) which through short-term expaosure
to the whales might affect the ava ilability, production or quality of sperm.

(4) Failure to implant (pregnaney loss). This possibilicy will be difficult to study among living animals in the right
whalc population (se2 irem 1)

(5) Abartion or neonatal mortality . If caused by infectious disease, this is mot likely to be repetitive in namee hecause
smminity acquired by the papulation would lessen the impacts over time. Grenetic factors might also be implicated
in abortions (see Item 3.1.1). Death of the mother is obviously a potential cause of neonaal mortality.

The Workshop apreed that none of the above could be ruled out, o priori, as nat being relevant to the observad
reproductive dysfunction in North Atlantie right whales.

Sampling for gonadal steroid hormone analysis from the fr ec-swimming population is constrained by field logistics,
timing {=xcept for parturient females, adult whales are ava ilable primarily in the northern feeding arcas berween spring
and fall, i.e. during what is presumed to be the non-breeding season), and the need to &void or at least minimize invasive
procedures. Full use needs to be made of opportumitics to sample feces and blowhole exudate {if steroid hormones can
he detected in respiratory excretions), and if possible to  obtain time series of samples from individual fiemales. Relative
levels of gonadal steroid hormone metaholites from feces or blowhole exudate could provide clues to reproductive states.
Unforunately, at this stage, it does not appear to be f easfhls to obtain even minute blood samples with biopsy darts,
Rolland suggested that the bowhead could provide a usefulm odel for testing gonadal steroid hormone levels in the feoss
and blowhaole exudate of pregnant and non-pregnant females, as well as males, The assays could be validated in
bow head whales through the collection of feces, blowhole ¢ xudate, serum and urine from individual dead whales whose
reproductive tacts could be examined directly. Southern mentioned that work was underway in her laboratory 1o
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identify 8 genetic marker to assess pregnancy inwhits whales using frozen skin samples. ltwas agreed thal a skin tes
for pregnancy would be & useful tool in studving reproductive dysfunction in nght whales.

Munson recommended the following two-step, multi-disciplinar v approach to snadying reproductive dysfunction in North
Atlantic right whales (see Appendix 4 for more detnils):

A,  Conduct pathologic analysis on all available tissues, i.e.:
Collect all gemital tracts that become ava ilable, regardless of state of autalysis
Conduet complete gross and histopathologic amalyses
Compare lesions between historic and curment populations
Compare lesions between Northem and Southemn Hemasphere populations

B. Link genital pathology to other dats, 1.2
Other pathologic findings (overall disease in the animal)
Faecal analysis for gonadal and adrepal steroid hormone metabolites
Evidence of breeding or fertility
History of breedmg behavior/success
Nutritional status
Environmental contaminant and biotoxin levels

Ovaries of right whales seem to be exceptionally frisble , miking them difficult to locate and collect from beach-cast
carcasses. There is little prospect of meaningful comparisons of lesions in the hismoric and current populations, as
“historic’ specimen materials and information are almost entirely lacking.

Munson urged that social and behavioral factors should be taken into account when considering possible reasons for
reproductive dyvsfunction, The low dengity of individuals on the mating grounds could mean thar the frequency of
contaets is suboptirnal for the species, given its reproductive sma tegy (cf, the Allee effect). Rowntree noted that fermales
with calves off Argentina form groups and may derive some kind of selective advantage from this behavior. The low
numhber of mothers in any one year in the North Atlan tic right whale population probably precludes extensive ‘peer
group' toteracton,

3. CONSIDERATION OF POSSIBLE CAUSES OF REFPRODUCTIVE FAILURE
31, Genetic factors (eg. lvss of div ersity, inbreeding, efTective sex ratio)
3.1.1. Review of existing knowledge of effects of these fuciors on reproduction

The possible role of genetic factors in preventing small popul ations from recovering has been widely discussed, Low
fenetic variation can lead to reduced population fimess, manife stas the expression of deleterious alleles or the reduction
of heterozygosity at loci that confier immmo-competence.  The term “inbreeding depression’ refers o a condition n
which a population's reproduction and recruitment are correlate d with mbreeding, This can be expressed as reduced
fertility and fecundity, decreased foetal and neonate surviv al, impaired developrent or lowered disease resistance,
Inbreeding depression is extremely difficult 1o detect or ve rify in natural populations. In one of the foew -:xamr.!lﬂ
invelving natural pepulations, inbreeding was found to haveasi gnificant detrimental effect on the survivorship of white-
footed mice { Peromyeeus lewcopus moveboracensis ) derived from a wild population and reintroduced into a namral
habitat {Jimenez et al. 1994). In another example, adeplet ed snake population in the UK with symptoms of reproductive
failure showed improved reproduction once snakes from an ex ternal source were imtroduced into the inbred population
(Madsen et al. 1999).

Of particular relevance 1o ongeing genctic studics of North A tlantic right whales ave examples in which traits linked to
the Major Histocompatibitity Complex (MHC), or Human Leukac yte Antigen(HLA), have been shown to be associated
with reproduction, growth and development. In humans, in creased embryonic cleavage, neur al tube defects, recurrent
spomtancous shortions and unexplained infe rtiliey have been associated with the structure of MHC. Extensive studies
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of an isolated Hutterits community in South Dakota have shown that parental sharing of the | 6-locus HLA haplotype
is associated with foetal loss {Ober <t al, 1998). Itis hypot hesized that foctuses that are genctically identical to the
mather hove @ lowered survival probability. In additi on to its implication in reproductve success, MHC diversity
generally provides the body with a beger chance of meountmg a suceessfial immune response to AAtigens.

However, low genetic diversity, including spesifically low MHC polymorphism, does not necessarily indicate an
unhealthy populstion (e.g. the northem elephant seal, Miroumga angustirostris, which is large and growing).

3.1.2. Reviéew of daia on these fact ars in North Atlantic right whales

Multi-loeus DNA fingerprinting has shown that North Atlantic rightwhales have significantly less genetic variation than
right whales in the South Atlantic (Schaeff et al. 1997), a nd 8 lower allelic diversity than any other balsen whale
population studied to date. Half-siblings in the South Atlantic population are equi valent to the most distantly relared
individuals in the North Atlantic (White, pers. comm.). Th is low genelic variation has elicited concem because of the
possibility that the population is suffering from the effects of inbreeding (Knowlon et al. 1994, Schaeff et al. 1997).
Preliminery analyses of DNA from bone recovered at 16 * saprury Basque whaling sites in Labmdor suggest that the
greate=it loss of genetic diversity ocourred about four centurics ag0. As most deleterious recessive alleles would have
therefore been purged from the population long age, the recen 1 decline in reproductive suecess is unlikely to be solely
a genetic problem.

About 70% of the 94 fernales in the right whale photo-identif ication catalogue are estimated to be older than 9 years,
still alive, and have given birth at least once (IWC in pre ssb). Patemity assignments made by White and colleagues ot
MeM aster University suggest an unexpectedly broad mating success rale, with about 70 different males having gired a1
|emst one calf, Effective population size is therefore onth e order of 100-130, and the estimared loss of heteroZygosity
per peneration (12N .} is approximately 0.5%. OF221 calves dogumented to have been born between 1980 and 1999,
214 are believed to stll be alive; of thess, 121 were take n by their mothers to the Bay of Fundy in the summer (see
Appendix 51 There are 160 known mather-calf pairs (some fe mules are represented more than once) in the catalogue,
and 95 of these pairs have been penotyped (72 Fundy, 13 non-Fundy). Work is underway to isolute additional
mticrosatellite loci to betier assess population structuring and develop detailed genealogies.

Low ohserved genetic variation st MHC Class 11 loci in North Adantic right whales has been hypothesized as
contributing to a higher-than-normal mcidence of abortian. While this hypothesis cannot explain any af the recent
changee in reproductive parameters, it may indicate (if rue) that the maximum rate of growth of the North Adtlantic
papulation is intrinsically lower than in Southem Hemisphere populations. This, in tum, may partially explain the lack
of recovery of this population despite uts long period of protection.

Rosenbaum and collaborators are also studying changes in the g netic diversity of right whales in relation to trends in
exploitation and abundance.

3.1.2. Evaluation of likelihood that generic problems ma y be affecting Nerth Atlantic right whale reproduction and
developmeni of testable hypotheses

White explained that his group would continue o investig ate the hypothesis that low genetic variation at MHC Class
11 loci is 1eading to MHC haplorype sharing between parents, which in turn increases the similarity at MHC loci berween
rmothers and foetuses and increases the probability of s pontancous abortiom. This will be sccomplished by assessing
whether the transmission of a given MHC haplotype from father to calf is significantly different from random. The
sonclusiveness of the results depends on the exclusionary power of the microzatellite marikers, and thus maore of these
are bemng daveloped.

The Warkshop agreed that it is unlikeky that Intrinsic genetic f actors alone are responsible for the reproductive

dysfunction in North Atlantic right whales. However, ge netic factors could be interacring with exirinsic factors
including poor nutrition and expogure to toxic chemicals and/ or pathogens, Unformmately, the relationship of MEC 1w
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disease susceptibility is not amenable to & hypothesiz-testing 2 ppeoach as the lack of genene diversity in the populaton
predisposes it to the effects of other stressors, Reduced di versity of cellular detoxification genes could be contributing
1o &n immune response problem, impairing the ability of the wh ales to deal with axidaive smress. [ was suggesied that
one potential approach would be to look for correlations between DNA profiles of individuals and the presence or
absence of lesions, reproductive suncess, of ceterm

The Waorkshop noted that the topic ofwhether, and how, gene tic factors are affecting reproduction in Worth Adtlantic right
whales was to be explored in greater detil at th e proposed International Whaling Commission (IWC) Workshop an
Right Whale Genetics. The Workshop offered its support for this initiadve.

3.2, Mutrition
3.2.1. Review of existing kmowledge of effects of muirizion on reproduction

The links berween good numition {in'terms of both quality and quantity) and reproductive success are well known,
Mutrition cun affect many srages of the reproductive process in  both sexes. In males, it can influence the age ar which
an anima) attains sexual (and, where pertinent, social ) maturity; sperm production, quality and viability; and the
likelihood of successful copulation with a receptive female. In fe males, nutrition playsa rolein the age atwhich sexual
maturity i reached; ovulation and fertilicy; quality and quan tity of milk preduction; and the ame berwesn offspring.
Nutrition affects calf survival and growth, and influences the time to weaning.

In most animal species, the enerpetic costs of reproducti on are high (up © 3-5 dmes the mantenance requirements).
In mammals, the lactation period is especially demanding. This 15 particularly true for those manne mammals that
undergo long periods of fasting (or very low food inta ke) (see Lockyer 1984; Oftedal 1997). In  fin whales
(Balaenoprera physaius ), for example, the energetic cost of lactati on can be double that of gestation (Lockyer, 1964},

Given the high enerpetic cost, and that reproduction is &8 non-essential sctivity (at leas t at the mdividual level},
reproduction is oflen suppressed dirimg periods of nutritional st ress and resumes only after the return of more favourable
nutritional conditions.

In sddition to the more obvious direct effectz (e.g. Lo ckyer, 1987, found a smong correlation between body fat and
reproductive success in female fin and sei whales, Balzenoprera borealis }, poor nutrition can affect reproduction i ather
wiays. For example, it can make the individual more susceptib le to dissase or cause mobilization of fat rescrves that
contain high levels of chemical contaminants (see ltems 3.5 and 3.3, respectively, below).

3.2.2. Review of data on nutriti an in North Atlantic right whales

As nored under Itemn 2, right whales feed in the northern pan of their range {Bay of Fundy and the Scotian Shell}
primarnly from June to Octaber, with some feeding in the  winter and spring in Cape Cad Bay, and in the Great South
Channel in the late spring and early summer. Although Codomus finmarchicus is the mosl commonly obrsérved prey
species, North Atlantic right whales feed on other species  including bamacle larvac. Patch density may be the eritical

fuctor in eliciting feeding behavior. Lack of informati on on where animals are when they are not in known feeding or
calving grounds makes it difficult to estimate how long the ‘fas ting season’ lasts but it is probably arcund 1 months (for
those individuals thar migrate to lower latitdes in the wint erh. In 1993, right whales appeared 1o abandon the Roseway
Basin habitat for unknown reasons.

There have been a number of studies on right whale feedi ng requirements {see Kenney and Wishner, 1995: IWC Inpress
b} and on whether changes in right whale habitat have le d to 8 shomage of food thereby threatening the population.
Successful right while feeding depends on the presence ol extremely dense mnpllnlnun patches (Wishneretal , 1995).
Simply measuring the average zooplankton density in an ar ca will not provide sufficient informaton to judge whether
feeding conditions exist for right whales. The main factors in fluencing prey density are physical { 1.e. advection of prey
and its concentration along density discontinuitiss). Kennsy (in press) concluded that the absence of right whales in the



Great South Channel in 1992 was due 1 a large reduction in  Calgnus shundance and a shift in zooplankton dominance
induced by hydrographic changes.

Any habitst studies investigating whether autritonal fast ors (ie. prey availability) are invelved in reproductive
dysfunction in North Atlantic right whales will peed 10 examine & number of factors inchsding: availability and
abumdance of patches of prey of suitable sizs and densiry;th ¢ quality of the prey; and the abundance of any competitors
for the prey, These investigations should aliso take ¢ ognizance of ongoing studies of physical forcing (&.2. the North
Atlantic Owcillation). This is discussed further in the following seCTion.

Srudies of blubber thickness of living enimals have shown thar North Atlantic right whales have significantly thinner
blubber than righs whales off South Africa (Miller and Moore, in prep.). These findings are consistent with necropsy
measurements and ohservarions that North Atlantic right whales inck the typical post-blowhale fat rolls evident on right
whales in the Southern Hemisphere, A number of possibl & explanations for these differences have been advanced
including: inadequate sample size, bias from differences in hody length or sex, genetically determined difTerences m
murphﬂngy,adaptammmdiﬁnmhahimmpmmmngi mes, seasonal difference in sampling periods, 2nd differences
in plane of nutrinon. The Workshop agreed that a difference in the nutritive regime between the fwo papulanions was
a plausible explanation that merited further investigation.

Based on their analyses of blubber thickness in North Atlantic right whales, Moore and Miller reported thar (1) there
was no significant di fference between males (n=17) and e males (n=16): (2} a significant correlation exizred beatween
age and blubber thickness for females (n=16) but not ma les (n=17); and (3} blubber thickness in females was
signmificanily correlabed with time since last calving, regardless ofage (m=6). The last of these observations might heip
explain the recent increase i calving interval. Miller and Moor e noted that 1 famale might Jose her foetus if a certain
threshold of maremal body condition was not met af a critical lime during pregnancy.

Although the Workshop agreed that obmining blubber thickness data is wahable (partcularly when such daw are
combined with other biological information from the same individual whales), itrecognized that blubber thicknes= alone
may not be an adequate measure of body condition. Forexample, in fasting seaks, the type of lipid and farty acid in the
biubber is more relevant in asseasing nutritional condition than the acmual mass of blubber. Moore and Miller indicated
thata more eomprehensive index of body condition could be developed for right whales, which would include {at least)
blubber thickness, blubber kipid content, body length and body girth.

The Workshop also recognized the need to: (1) obtain increased sample sizes from right whales of various sex, age and
reproductive elasses and (2) investigate the significance of taking measurements &t various sites on the body. Studies
on dead animals have revealed large differen ces in blubber thickness al different body sites.

The Workshop noted the potential value of obtaining time s ries of blubber measurements from individual Females to
track blubber changes in relation o pregnancy, calving and  lactation. A marked chenge in blubber thickness (as well
as in lipid content) is |ikely to occur during lactation. Meaningful estimates of lipid content would probably be very
difficult t obtain, although detailed examination of ultrasound traces may be of some value. Miller indicated that there
e more conneclive tissue in northern than southern right whale blubber, implying lower lipid content in the former,

3.2.3. Evalaation of likelihaod that mutritionad problems ma y be affecting North Atlantic right whale reproduction and
development of testable hypotheses

The Workshop agreed that inadequate nutrition could be a factor in the poor reproductive performance of the MNorth
Atlantic right whale population in recent years, and recommende d several avenues of research be continued or initiated

(1) Investigation of food resources and diet
s Review the literature and unpublished daw for - formati on on factors conimibuting to the formation of dense
copepod patches and on the spatial and temporal distribution of such patches.
+ Encourage studies of factors affecting nutritional composition of rght whale prey, including seasondl,
geographic, ontogenetic, nutritional (phyvtoplankt on) and long-term climanc influences,
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+  Apply new methodologies, including use of isotopes of carbon, nirogen and other elements as well as famy acid
pratocols. Skinmlubher biopsies should be evaluated as primary data sources and the effects of seasonal,
geographic, ontogenetic, nutriti onal (phytoplankton)and athe r factors onprey signatures should be mvestigated,

+  Encourage maximal use of traditiona] ssmpling protocols (ep. Faecal sampling, mecropsy sampling,
ohservations of behavior) end remote telemetry (c.g . satellite mgs, tme-depth recorders, critter cams) n
abtaining date on fesding habits,

{2}, Assssement of body condition

«  Encourage continued development /application ofultr asonic techniques to measure blubber-depth 1w evaluate
changes in condition of reproductive-aged females before | during and after reproduction. These efforts should
include evaluation of various body measurement sites, and validation against necropsy samples(including datu
from control species such as the bowhead whale). The research should amtempt 10! (a) normalize Aacoustic
hlubber dam for measurement location using a model of right whale blubber topogr aphy so that single-point
in situ measurements form different body Iseatians ean be compared, and (b) determine lipid composition of
blubber using ultrasound.

»  Continue development of morphometric and photogramme tric approaches for estimating body condition {¢.2.
estimating girth and other body parameters using stereo videogrammetry), particularly for reproductive-aged
females.

«  Evaluate biopsy samples 25 indicators of lipid stores. Do they reveal seasonal or reproductive trends and are
they correlaed 1o analyses of blubber from nesgupsy specimens?

«  Analyze necropsy samples for chemical (nutritional) constituents and biomarkers that mery indicate condition.
Churscterize lipid deposition and mobilization pattems in blubber.

(1) Indicators of reproductive perfonmance

»  Anelyze variability in the number of right whale births and calving interval with respect to climatic pattern,
fluctuations in food supply, use of foraging areas & nd female ape/size (especially primiparous individuals).

»  Obtain systematic photogrammenic information on calf size, on both the nursing and feeding grounds, for
evaluating prowth performance,

»  Conduct repeated sampling of blubber depths in relation w the lactational cycle.

+  If a lactating female becomes available for necropsy, collect milk samples and data on mamanary gland mass
and AmAtoTmy.

The Workshop alse identified the role of leptn in right whals body condition and reproduction 81 worthy of further
research. Leptin is 8 hormone produced by adipose tissue & nd secreted into the bloodstream. In other mamnmials, leptin
affects feading behavior, metabolism, reproduction and i mmunelogy, and may regulate overall energy balance. Leplis
production increases a5 endrgy stores incrsase. Leptin alters mutrient partitioning through metabolic actions on mscle
and adipose tissue. 1t may influence the onsel of puberty through actions in the central nervous system and in the
ovaries, and it may promote development of the immune system.

Leptin expression in darmal biopsies and hluhber camples could be analyzed using immunohistochemical, ochemical
and molecular methods, The initial aims of such anatyses should be to; (a) characterize patrerns at difTerent body sites;
(b} compare blubber and serum levels; and (c) evaluate lep tin lovels and biological information from known animals in
the photo-identification catalogue (including age, sex, reproductiv ¢ history and habitat use). Il possible, leptin levels
should be compared in noethern and southem right whale populationg,

313. Chemical contaminants

131 Review of existing kmowledge of effects af contaminanis on reproduction
An extensive body of lterature on the effects of contaminunis on mammaisan reproduction {including m manmne

mammals) has recently been reviewed by 0'Shea (1999), 0°Shea etal. (1999) and Reinders etal. (1994). A preatdcal
of information exists on the wraditional suite of elements and organic compounds found in mammal tissues (with
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emphasis on persistent organic pollutants), but linde datn  exist on dose=respanse effects for even the bemer-known
contaminants. Although the IWC Scientific Commitiee concl uded that sufficient data were available on the adverse
effecss of pollutants on terrestrial species and non-cetacean marine marnmals to warmant concern for cetaceans, the
Committes indicated that significant fundamental research was  needed to adequately asgess the effecs of pollutants on
ceraceans. To this end, the Committee developed the mu li-national mulii-disciplinary rescarch program POLLUTION
2000+ (Reijnders et al. 1999).

Gray provided a coneise summary, with a few examples, of mechanistic studies on laboratory animale. Endocrine
disrupting toxicants (e.g. antiandrogenic pesticides, Xenoest rogens, TCDD, some PCB congeners) affect development,
puberry, sexual differentiation and fecund ity in rats (sse the extensive mbles on reproductive and endocrine effects on
rodents prepared by Gray and Roliand in O7Shea et al, [1999; their Tables 4-6]). PAHs (of concern for nght whales,
see below) are known to affect ovarian function and DNA s ynthesis, and potentially cause permanent infertlity. In
Gray's view, in vive or ir virro studies using wel|-characterized surrogale Sp ccies Can enhance our understanding of the
sTec of endocrine disruptors on species , such as right whales, that will never be amenable to controlled smdses.

Motwithstanding this, the Workshop recognized tharexrapalations fro one species to another must be made with caution.

Ross briefly summarized the effects of toxic conmminants on pinnipeds, and potcd that contaminants have been
implicated 1n, or associated with, impaired reproduction  in pinnipeds, as identified via reduced reproduction rate,
reprodugtive truct pathologies, and complete reproductive failure . Persistent organicpoliutants, notably PCBs and the
DDT-type compounds, have been implicated in the failure of depleted Baltic Sea seal populations to recover (Helbe 1950,
Bergman 1999). Uterine lesions were Found in 42% of reproduc tive-aged female ringed seals in the Baltic Sea in the
1970s, suggesing o possible pathogenesis for & toxic eff ect (Helle 1950). PCBs arc thought to have affected
reproductive success in harbour seals in the Wadden Sea (R eijnders 1 980). A captive feeding study in the Metherlands
found that harbour seals fad fish from the more contam inated western Wadden Sea had preatly reduced reproductive
success when compared with ssals fad fish from the less ¢ ontaminated easeem Wadden Sea (Retjnders | 986), Theresults
of marine mammal studies, all of which have involved exposur ¢ to complex mixtures rather than single contamnants,
have beer consistent with mechanistic studies of labor atory animals that document & range of reproductive effects.
Deliuise pointed out that there is much confusion in the literature regarding contaminint mixtures as the effects of
particular chemieals in combination can be additive, antagonisic or Synergistc.

312 Review of data on contaminant levels in North Atlantic right wirles

Total PCB fractions in Worth Atlantic tight whale blubber ar ¢ 2n order of magnitude lower than those in seals and
odonkecetes { Weisbrod etal. 2000). Seasonal wends suggest that lipid-stored organochlorines may be relessed during
winter when whale fiood intake is reduced and body fat become s depleted. Concentrations of some metabolizable PCBs
and trans-chiordane increase with age in males. Compar isons of erganochloring accumulations in biopsy tissues and
faces with thase in prey species have been interprefed a5 indicating that right whales consume different prey or forage
in different localities during their annual migrasion cycle (Weisbrod etal. 2000). Deshpande and colleagues found very
low levels of PCBs in zooplankton sampled from Cape Cod Bay.

Because right whalas occupy a relatively low position in the food chain, fesd at lcast gccasionally in the ses surface
microlayer, and inhabit feeding grounds mear regional sources  of pollutants, they may be exposed to certain ‘non-
raditional’ contaminants.

Moore reported o study which measured cytochrome P850 1A (CYPLA) in the dermal vascular endothelia of right

whales, using biopsies obtained from various locations in the western North Atlantic (Bay of Fundy, Cape Cod Bay,
Gieorgia/Florida coast) and in the Southern Hemisphere (South Africa, Argentina, Auckland Islands, South Georgia).
CYP1A induclion occuss in response to the presence of A receptor agonists, and it is therefore a sensitive biomarker
ot patential toxicological imparts from dioxin-like compounds. Marked differences were detected in CYPIA among

wreas, ranging from a mean of 4.0 (SD=2.6) in the Bay of F undy to 0.8 (SD=1.3)in the Auckland Islands (Mew Zealand).
Within the western North Atlantic, PAH concentrations in  copepods were relatively high in the Bay of Fundy and Cape
Cod Bay {(both well-known feeding areas for ight whales), but much lawer on Georges Bank where right whales are
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nat known to congregate to feed. Moore views these findings s suggestive ofa link between exposure to nen-persistent
and non=bivaccumulated chemicals and reproductive dysfunction in right whales.

The Workshop recognized the importance of controlling for ¢ onfounding variables (2.g. age, sex, reproductive state, et
ceters; see Aguilar et al. 1999) when companng samples.

Castellini stressed the importance of differentiating between starvation and fasting as these arc separite biochemical
events (with different characteristics relative to ensrgy mobili zation). During winter when right whales reduce their food
intake, they arc fasting not starving. Clapham pointed out th at there is no evidence of right whales in the North Atlantic
fasting for & full six months and that, except for parwrie ot females, animals forage at least occasionally throughout
winter and spring. However, females that are simultaneous ly lactatmg and fasting may mobilize and cuculale Loxic
chemicale stored in their blubber during lare aunmmn wh en they are at the southern end of their migration.

Southern noted that CYPLA can be induced by stressors othe rthan chemical contaminants, referencing ice-entrapped
white whales and humans with HI'Vas examples. Moore re sponded that even in these cases the induction may still be
due to toxins if the stressors cause far mobiliza tion, thereby relessing toxins into circulation.

3.3.3. Evaluation of likelihood that chemical contaminant ¢ may be affecting North Atlantic right whale reproduction
and development of testable hypotheses

The Workshop agreed that right whales are routinely exposed to a wide anray of xenobiotic chemicals, some of which
generate toxic effects on mamemalian reproductive and immune  systems. Thus, even though most of the fat-soluble
persistent compounds usually associated with reproductive dysfunetion and impair ed immuno-compedence S82m 10 ocour
at relatively low levels in right whale tissues, chemical contamination may be partly responsible for the observed
reproductve problems in the stock.

A number of questions wesre raised regarding the sear ch for potentially relevant types of contaminants:

(1) Are there chemicals whote release into the enviran ment is correlated either sputially or 12 mporally with the
decling in repreductive success of right whales?

(2} What are the levels of xenobiotic substances in right whale prey species?

(3} Are there unique avenues of exposure that might be affectmg right whales™

With regard to the last of the three questions, it was noted that the North Atlantic right whale population forages
downstream of a large mewropolis that dumps sewage treatme ot effluent into nearby waters, creating a high prohability
of exposure to estrogenic chemicals and other pharmaceuticals.  The whales also feed.in and vear- major shipping lanes
whase they may be exposed to aromatic hydrocarbons (o il Beaks and discharges) and organotins (iceching from hulls).
Marx pointed out that the component of the population thet migrazes to the calving grounds in the southeastern USA
must swim through paper mill efMiuent and is in close proxi mity to military activities. Sinee defecation has occasionalky
been observed in these waters, the whales may feed opporunisncally m this area.

Appendix & lists examples of contaminants of possible concer m with regard to North Atlantic right whales, The list is
based on three consideratons: {1} likely exposure because of the right whales trophic level and prey selection; (2) 2
recent general increase in usuage of the chemical concer ned; and (3)a regional source of contaminant supply is knovwn
to exist. There are several reasons why ‘non-raditional’ chemicals are included on this list. Flame retardants and
plasticizers were used extensively during the 1980s and 1990s. Use of alkylphenals in surfactants (and as additives in
many commercial products) has also increased since the 19805, Emissions of pharmaceuticals, including symthetic
estrogen, have accelerated, as has the use of anti-fouling agen . Proliferstion of aquaculture since the 1980¢ hat meant
the inroduction of antibiotics and pesticides directly into th e sea. Finally, inputs of methyl mereury via ammospheric
deposition have increased in both New England and the Canadian Maritimes im recent years.
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Ross summarized the elements of 1 oxic risk assessment a& follows:
(17 identifying the chemicals - types, history of production and use, transport pathways and fates;

(2} charasterizing the chemieals - eolubility, bioaccumulation pathways, persistence in the environment and levels in
prey specics;

(3) phanmacologyioxicology ofthechemicals - metabolizable or not, formation oftoxic metabolites and immunological
or endocrine effects;
{4) quantification of exposure - feedi ng locations, prey selection et cetera;

{5) consideration of species sensitivity.

As obaining direct, conclusive evidence concerning contam inant effects on right whale reproduction will be difficult,
Ross advocated that & “weight-of-evidence”’ approach be used (o assess the risks of such effects (sec Ross 2000). This
would have &t least six components, a3 fallows! ¢

(1) characterize and eliminate all possible ¢ onfounding factors, e.g. age, sex and ¢ondition;

(2) conduct comprehensive, congener-specific contaminant analyses (concentrations and patterns) using blubber
biopsics (Deshpande noted that current biopsies, which ¢ ontain considerable amounts of connective tissue, may nol
represent the lipid contents deep within the blubbser and  that therefore deeper biopsy samples may be necessary).

(3} conduct similar analyses on right whale prey spacies 10 help identify contaminant sourees, chemicel classes of
concem and trophic pathways;

(4) examinebiomarkersof exposureandeffect(e.g. CYP1 A, as diseussed above; petroleum biomarker compounds such
as triterpancs and Steranes), :

(5) explore linkages berween wxicological endpoints measured in right whales and the more comprehensive multi-
compartment studies of harhor seals, with a view to ma king appropriate inferences about effects in right whales;
and,

(6) use all available information to evaluate the risks to right whales.

Ideally such stdies should ke place in a tiered fashi on and follow the U.S. Environmental Proteetion Agency’s
puidelines for ecological risk assessment. This would invelve identifying potential hazards and exposure pathways,
completing & toxicity assessment, and then charact erizing risk, using a weight-of-evidence approach.

Moore emphasized the impormnce of giving closer attenti om to non-bivaccumulative contaminants rather than heing
fixatad on the "oraditional’ problem chemicals.

Southern expressed a dissenting view with regard empha sizing the detection of chemicals rather than impacts
(physiological responses). Inher opinion, itis important to investigate the molecular evidence of stress responaé in Fipht
whales, a8 well as to catalogue toxin levels.

Muir pointed out that differences in types or levels of ¢ ontaminants in tissues can sometimes be used o distinguish

popuelations. He suggested that a comparisan of contamin ant profiles in Fundy and non-Fundy right whales eauld hetp
aammhlish the location of the non-Fundy ‘nursery’ area.
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3.4, Blotoxins
3.4.1. Review of exizting knowledge of effects of biotexins on reproduction

In recent years, the frequency, distribution and diversity of harmful algal blooms have increased along the aast eoast of
Morth Americu. as well as globally, Five major classes of  biotoxins are associated with thest algal blooms ; saxitoxins
(responsible for paralytic shellfish poi soning, or PSP}, brevetoxins (neurotoxi ¢ shellfish paisoning, NSP), domoic acid
(amnesic shellfish poisoning, ASP), okadaic acid and di nophysistoxins (diarthetic shellfish poisening. DSF), and
ciguataxing (ciguntera fish poizoning, € FP). Four of these classes have been implicated in mortality events mvolving
marine mammals: saxitoxins and brevetoxins are the two groups that most often ucour in the distabutional range of Morth
Atlantic Tight whales. Domoic acid (ASP) events also occu r off the northeastern United States, but such events appear
to have declined since the late 1980s.

host tcins of algal origin are neurotoxic. Saxitoxi ns and domeic acid are water-soluble compounds that function as
sodium channel blockers and as glutamate agonists, resp ectively, Brevetoxing are lipid-soluble and act a5 sodium
channel agonists. The water-soluble toxins, while capable of attaining high levels during acute exposure, do not
biomagnify, but the lipid-soluble toxins bioaccumulate.

It is unelear how biotoxins affect reproduction, per se. Doucette noted that mice exposed in ufero to domoic ecid duning
the middle embryonic period experienced severe reorganiza tion of the hippocampus within three weeks of birth
{ Dakshinamurti etal, 1993), and that neonatal rats exhibite d a 40-fold increass in sensitivity per body weight to domoic
acid (Xi etal. 1997). Acute exposure of Califomia sen lions ( Zalophus californianis ) o toxigenic diatoms (via trophie
interactions) produced seizures and mortality of adult animal s, as well as abortions (Schalin ec al. 2000), Brevetoxins
are IMmuno-suppressive in vitra and may causc hemolytic anemia, A mass mortality of manatees in Florida was likely
due 1o prolonged respiratory exposure to brevetoxing (Bossart et al. 1998). Saxitoxins cause loss of equilibrium end
resplratory distress, with possible implications for feeding efficiency. Acuterophicexpos ure via contaminated mackere!
was associated with & mass mormality of humpback whales in New England (Geraci et al. 1989). However, very little
is known about the sublethal, chromic effects of exposure w saxitoxins.

4.2 Review af data an biotoxin levels in North Atlantic right whales

The algae producing brevetoxins are most prevalent in warm waters (22-28 “C), and are thus largely outside the southern
migratory range of tight whales, which iz limited primanily to waters cooler than 18-20 "C; Anonymous, 1997). However,
direct respiratory exposwre of adult females and young calve s o biotoxins in Florida and Georgia nearshore waters
during winter cannot he m!ﬂi ot

Expogure 1o saxitoxing is @ concem with regerd (v Nordh Atlantic ight whales. The dinoflagellae genus lexandrim,
which produces saxitoxin, overlaps in space and time with ri ght whales, and toxicity levels generally increase fram
gouthern New England northwards, e.¢. 1o the Bay of Fundy. Peak dinoflagellate blooms typicatly oocur in July and
August, concurrent with the presence of right whales in the Gulf of Maine/Bay of Fundy region. Exposure of right
whales to saxitoxins most likely occurs via trophic transf er. Laboratory studics indicat e that vanous copspod spetics
(including Cafamus finmarchicuy) largely avaid Alexandrium cells but sl ingestenough to acquire measurahle toxiciry
levels (Turrifferal 1995), In this regard, Doucetienoted  thatan ECOHAR regional study in the Gull of Maine should
soon pravide information on biotoxin loading in right whale pr ey species. Healso cited a recent study in Massachusems
Bay that showed preferential saxitoxin sccumulstion in large copepods, including Calanus finmarchicus and
Centropages typicus (Tumer etal in press). Based on the LD gqs (i.e. the dose level at which 50% of reated animals
die) of saxitoxin for terrestrinl mammals (200-600 pgdgh, the esumated daily food consumption of right whales (ca. 4%
of body weightiday) (see Anderson and White,1989), and typical toxin loads in larger copepods {100-200 ug STX
equiv./g wetweight; Tumner et al. in press), Doucette estimat ed that right whales could receivea lethal dose of saxitoxin
in & day.
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3.4.3. Evaluation of likelihood that blotaxins may be o ffecting North Atlantic right whale reproduction and development
of testable hypotheses

[f hiotoxins impair reproduction of right whales, this likely o ccurs via acute toxicity to pregnant fernales or noonates.

The ceniral nervolss systes may be affected during foetal or post-natal development, with comscquent long-term effects
on regulation of the reproductive syseem by the hypothalamic-pim itary axis. However, given rapid remal clearance rates

in right whales for water-soluble saxitoxins, it isunlikely that in wtero exposure represents a highnsk o foctuses. Geraci
et al. {1989} suggested that cetacean diving adaptations (whi ch channel bloed into the toxin-gengitive heart and brain

ancl away from the organs responsible for detoxification (liver and kidney)), could make right whales susceptible o the
neurotoxic effects of biotoxins. Historical data series  of biotoxin activity are available from long-term monitoring

effors of PSP toxicity in the Gulf ef Maine (since 1957) a nd the Bay of Fundy (since 1944) that could be compared with

ternparal trends in right whale calf production. White (1987) proposed a 18.6 yr cycle in maximum toxicity in the Bay

of Fundy, and his analysis predicted a peak in the latz 1990s. Jennifer Martin (DFO, 5t Andrews, New Brunswick),
has maintained the data 5ot mitissed by White, thereby allo wing comparisons to be made with the most recent calving

daga.

Detrmination of toxin levels in zooplankton size fractions containing C. finmarchicus or Ceneropages spp. would be
useful (frozen samples arc best for such analyses), as woul d sssays of night whale feces, body tissues and fluids for
biotoxins (partcularly saxitoxing). The Marine Biotoxi ns Programatthe NOAAMNOS Charleston laboratory is currently
diagnesing PSP toxins using dried blood spet cards, and Doucetie suggested that this technique might be useful il blood
was available from biopsies. Brown reported, however, that ve 1y little, if any, blood is presentin most biopsy samples.
Although exposure by right whales to brevetoxins on the wi nter calving grounds in the southeastern LS. coast is
unlikely, detection of these toxins (most likely acquired vi ainhalation of acroscls) may be possible by testing blowhole
cxudatas.

A key issug is whether a causative link can be established between the presence of toxins in the feces, body tissues, or
fluids of right whales and the occurrence of acute or subacu te toxiciry. In this regard, Doucette pointed out that m
bullfrogs a special protein (saxiphilin; Mahar et al. 1991) is synthesized that binds with saxitoxin with sub-nanomolar
affinity, thereby conferring ‘resistance’ to the toxin. Base d on this, if right whales have been historically expased to
smyitonin, they may have developed a similar detoxificati on mechanism. Nonetheless, measuring PSP toxins in both
right whales and their primary prey is an important first step i assessing the potential impact of biotoxins on these
mammals.

3.5. Disease
3.5.1. Review of existing kmowledge of effects of disease on reproduction

hunson provided an overview of how discase can affect re production. When an animal suffers from any chronic {(non-
infectious) systemic disease, reproductive activity generally diminishes or shuts down entirely. lnfectious systemic
disease in adults can similarly inhibit reproductive activ iry although this can be reversible, depending on recovery.
Neanates that conract an infectious systemic dissase eith er dic or suffer long-ferm developmental damage. Neomatal
deaths are frequently observed in marine marnmals but th e cause usually remains undiagnosed. 1f a pregnant female
contracts A reproductive tract infection, ¢. g in the uterus, she may fail to carry the foems to term. Reproduckve diseases
can be acutely lethal (e.g. infeetion), recurrent (e.g. 8s50 sisted with envirommental conditions that recur on & scasonal
basig) or chronie cousing permanent damage (e.g. uterine occlusions in Baltic seals).

Hall provided a broad review of epidemiological principles, highlighting the need to view disease exposure and
susceplibility in an ecosystem congext. Hall noted that it 1& important 1o consider interactons berwoen pathogens, as
well a5 the possible involvement of multiple pathogens, in @ given discase syndrome. In some instances, the ultimate
cause of infection may bean antecedent event, condition or ch arscteristic which “sets the stage’ for the proximate diseasc
occurrence. In other words, there may be no single couse  but rather a series of components which, acting together,
comptise the causal mechanism.
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A nurmber of viral, bacterial and protoz oal diseases affecting reproduction have been documented in miaring marmals.
These include:  leptospirosis, salmoncllosis, campylobact eriosis, brucellosis, toxoplasmosis, maorbillivarus,
papillnmvm,admﬁrus,inﬂumﬁmn,harpﬁ virus, nasitremosis, stenurosis and halocerosis. Brucella sp.hasbeer
Found in marine mammals but marine species of Bricelln have et to be definitely lmked with abortions in the wild,
Rowles, however, called attention 1o the fact thats  Brucedls isolate from a scal in Puget Sound caused abortions when
inoculated into cattle. Morbillivirus has b egn implicated in harbor seal abortions.

3.3.2. Review of data an diseas e in North Atlantic right whales

Little is known abotst disease in North Adantc right whal es. Moore reviewed necropsy data from 25 of the 45 nght
whales known to have died in the western North Atlantic since 1970, Trauma, mamly from ship strikes, was detected
- 117 cases. O ar more bones wera salvaged from 14 carcasse 8, and ont or more sofl-tissue samples from nine. On
only eight occasions were gonads found. Tissue autolysis has generally been a major impediment in histological
investigations of right whales. Munson emphasized that even when the canse of death is atmibutable to rauma based
on gross Findings, itis important to strive for histological an alyses that could reveal an underlying pathological condition.
Southern added that it would be ussfl to test prossly normal biopsy tissues for virus antigens

Marx described three types of skin Lesion olbserved on North A dantic right whales: circular, blister or crater, and swath.
Skin lesions, mainly circular, have been detected on mo rethan 100 individuals in the dght whale populationsinge 1980,
and have significantly increased over time (p=0.004). Du nng I980- 1996, the average percentage of identified whales
with skin lesions was 5.06% (sd=5.86), with a peak 0f 24% in 1995, Regressions for females thar should have calved
but did ot (as determined by calving history) and for whal es with lesions both showed significant increases (F=2i3,
p<0.01 and F=32.6, p=<0.01, respectively). The two classes were themselves sipnificantty comelated {r=0.768, p<0.01),
Die Guise noted that the death of an adult female in 1999 (caused by a ship smike) provided an oppertunity for
histolopical exarminntion of the skin lsions, The lesions onth i3 animal were papilloma-like, exhibiting someacute and
chronic mflammation in the dermis. Electron microscopicstudies did not reveal an edological agent, but further analyses
ofthe lesions are underway. Given that skin lesions have in ereased coincident with the decline m the whale population’s
reproductive success, there was considerable discussion con ceming a possible etiological link betwesn the rwa trends.
It is st elear whather the lesions are primary and thus lim ied to the whale's skin, or a sccondary manifes@non of an
underlying systemic health problem.

Skin lesions of the kind observed on North Atlantic right whales have not been observed on North Atlantic humphback
whalss. Rowntree noted that blister-like lesions arc seen on - right whales in Asgsuting but the type of lesions scon on
Naorth Atlantic right whales are generally not observed on southem right whales.

Rioss noted that vitamin A plays an important role-inskin- mainesnames. He sugpested that 8 possible link involving 4
inck afvitamin A, or allernativelya contaminant-indeced breakdown innermal circulatory ransport of vitamin A, should
be explored as & cause of the skin lesions. Southem point ed out that a molecular stress response could be involved, as
aither a cause or an effect of vieamin A deficiency, and th at causation would be difficulr to establish, Munsen indicated
that skin lesions similiar to these on right whales had heen observed on black thinoceroses and that vitamin A

nvolvernent had been ruled out as a causative agent, Moore swated that the only right whale tissue presently available
for vitamin A assays is a frozen sample in the care of Robe 1t Bonde, US Geological Survey, Sirenia Project, in Florida.

Marx noted thar the distibution, abundance, and other char acearistics of cyamids are used as 2 crude index of 8 nght
whale's overall health status. She and Ro wniree expleined that orange cyamids ( Cyamus erraticus ) ocour primarily in
body folds or recesses {e.g., in the genital and axillary regi oms) but quickly invade and colonize wounds. In debilitated
animals, cyamids also occur in the mouth area and blowholes, The sioughed skin that cyamids eat, as well as the
cyamids themselves, ore less likely to be ‘washed off' onwhal es moving more slowly than normal, leading 10 the orange
AppEnrance.
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1.5 3 Evaluation of likelihood that disease may be affecti ng North Ailantic right whale reproduction and development
of testable hypolireses

Workshop participants agreed that skin lesions were ahigh pno nty for further research, It was suggested thatindividual
sighting histories could be informative if ekin lesions eould be related to reproductive cvents using the photo-
{dentification database. Noopporturity should bomissedto obtain biopsy or necropsy samples of skin lesions. Hamilon
explained that lesions tend to be more focal than general, suggested that photographs or video of the whole bodies of
living whales would be useful in char acterizing the lesions. Skin diseases are often classified according to the
distribution of lesions on the body. Brown noted that perm its were being procured for the use of & critter-cam for
amdying North Atiantc right whales and that this equipm ent might be useful in documenting the distribution of body
lesions.

It was generally agreed that obiaining fresh tissue sample: ¢ &4 quickly 8= possible from carcasscs Was @ high priority.
Mumnsaon urged that necropsies examine all organs for lesions and that necropsy reports not be limited only to disgnosing
the cause of death. Moare responded that existing necropsy e ports could be scrutinized further for this kind of ancillary
information.

House and DeCuise cautioned that the presence of 2 diseas ¢ agent docs not necessanly indicate: a pathologic oucome
and should, therefore, be interpreted in context. Recognizi ng thar sample sizes for North Adtlantic right whales would
almost certainly be too small to support meaningful epidem iological analyses, Hall indicated that case contral studies
weere suited to small sample sizes and therefore could be useful.

3.6 Other potential factors {e.g. habitat less/ disturbamce) and multi-factorial processes

Right whales no longer occupy their full historic fange in th ¢ Narth Atlanti¢, This renge contraction could mean that
formerly occupicd areas arc no longer suitable to support right whales, or that the cultural memory for finding or using
those areas has heen lostto the populaton. Reproduction coul d be affected if calving habitat has been reduced (¢.g. loss
of Delaware Bay) or foraging habitat no langer used (e.g. Gulf of St Lawrence, Srait of Belle Isle, the Labrador coast).
Stormy Mayo is said to have data showing a decline since 1987 in the availability snd quality of prey resources in Cape
Cod Bay, Participants hoped that Mayo's analyses of thes ¢ data would be completed and published soon. It was also
noted that Kenney (in press) provides documentation for  si gnificant alteration in habitat use over time, Participants
discussed the importance of finding out where breeding (= mating) oceurs and where non-Fundy females take their
calvas in the surmmer. It was recognized that there may not be a single non-Fundy nursery area, or & single breeding
ground, Apart from the use of satellire relemetry locateth & ‘missing’ areas, it was suggested that useful insights might
be gained from further analyses of individual sighting historie s, particularly those of adult females seen on or neat the
Florida/Georgia calving grounds unaceompanied by calves,

4. DESIGN OF RESEARCH PROGRAM TO TEST ONE OR MORE OF THE ABOVE HYPOTHESES,
BASED ON RELATIVE LIKELIHOOD OF OCCURRENCE AND FEASIBILITY OF RESEARCH
ACHIEVING STATED OBJECTIVES, INCLUDING DISCUSSION OF APPROPRIATE 'CONTROL'
POPULATION(S)

A, whle of research topics was drafied during the workshop and discussed duning the last haurs of the third day. Fach
research problemn - stabed as either 8 hypothesis, an objective, ora task - was prioritized based on its relevance and the
likelihaod of it being successfully addressed, Requirements fo r hinlogical specimens and dara were also identified, as
was the need for ‘control’ species or populations. In so me instances, other whale species (e.g. bowhead whales or
Southern Hemisphere right whales ) were identified as appropr iatemodels or surrogates, Forvariousanalytical purposes,
it was considered appropriate to subdivide the Nonh Atlantic right whale population, for example into ‘reatment” (e.g.
Fundy) and 'conmol’ (nen-Fundy]) groups.

Munson offered an altemative framework fororganizing th c presentation of 8 problem-by-problem basis (see Appendix
4}, Afier the workshop, Relland took the lead in developing this approach in consultation with workshop participants.
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The following research program outhne was developed from the & table of research topics discussed at the workshop.
It should be read in the context of both the main report text and Appendix 4, the latter being & more hypothesis-based
approach prepared after the workshop by Munson. Priorities are indicated in brackets for cach item listed as ressarch
need,

PROBLEM: DEC L
NEED:

To investigate the incidence of fernales without calves in the southeastern US and relate to individual ealving
histories (HIGH).

“To establish baseline information on reproductive physiology using gonadal and adrenal steroid hormons
metsholite levels in feces and blowhole exuda 12 to monitor reproductive status (HIGH).

To determine if extrernely reduced haplotypic and allelic diversity in the major histocompatibiliry complex
(MHC) has increased the risk of dis ease and probability of abortiet (HIGH).

To investigate the potential value of molecular analyeis of siress response in right whale skin (including
enzyme assays) (LOW TO MODERATE).

ACTION:
Continue collection of photo-identification & nd sighting histories of individual whales.

Andlyze existing catalogue data on an individual besis to determine if non-calving females are clustered by age
(suggesting development) or region (suggesting genetics, biotoxins, contaminants, disease or
nutritional stress).

Compare BOF vs, non-BOF females.

Conduct geographic and termporal anakysis of non-calving ve. cabving females,
Conduct age-based analysis.

Include nulliparous females over § years.

Continie biopsias for genetic testing and to develop additional genealogies.
Increase sample coverage of the population,

Conduct genetics-based analyses of the paternity of calves during eritical and baseline penods o
assess iFthere is regional (BOF vi. non-BOF) or temporal male inferality.

Dietermine which males are breeding and their habitat preferences through patermity analysis.
Dietermine inbresding cocfficients for breeding/non-breeding whales,

Deterrmine MHC class I1 genetic profile of more females and calves.
To determine if reduced diversity could increase risk of early abortion,

Develop assay for gonadal steroid hormone metabolites in feces and validate with samples from bowhead
whales.

To determine if pregnancy is occurring and being lost,

To determine if females are cycling.

To determine if unsuccess ful males arc producing androgens.

To determine if an underlying endocrine prob! em is related t the reproduetive dysfunction,

To determine if non-breeding whales have elevat ed levels of glucacorticoid hormaones suppressing
reproductive function
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Investigare use of blowhole exuda tes to assay for gonadal steroid hormenes using samples from howhead
whales (similar to saliva assay).

Investigate analysis of stress protens in skin 1o determine if elevated stress impairs reproductive health.
Include eontrel groups, &.p. souther hemisphe re right whales, BOF va. non-BOF right whales.

BLEM: APPARENT DETERIORA ) 4 DITIO!
NEED:
To dstermine if variability in calf production is associ ated with variations in prey abundance (MODERATE
TO HIGH).

To detsrmine if variability in calf production is associated with vaniations in the condition of prey Organisms
(e-g. lipid content) and in diet quality (HIGH).

To determine if variability in calf production is rela ted to varistions i whale body comditions (HIGH).

To evaluste calf growth rates (MODERATE).

To publish studies of historical prey availability in Cape Cod Bay (HIGH).

To develop a comprehensive necropsy protocol and rapid response capabiliry (HIGH).

“To establish a centralized necropsy database includi ng all data (not just cause of death) (HIGH).

ACTION:

Collate and analyze existing data on prey sbundance and environmental variables.

Review prey patch formation, history of spatialftemporal distribution and environmental variasbles (e.g.
oceanographic factors, North A dantic Oscillation).

Envourags studies om factors affecting the mutriti onal composition of major and minor prey species,
including seasonal, geographic, ontogenetic, mut ritional and long-term climatic effects.

Apply new methodologies to the swudy of North Atlantic right whale diets.
Study nutrient somposition of prey.
Apply new techniques, e.g. stble isowpes of carbon and nitrogen, fatty acids, retinoids.
Evahaate diet composition and feeding habits using feces and behavioral observations,

Establish a comprehensive index of right whale body ¢ ondition, which ineludes astimates of blubber thickness,
qualiry and composition, and estimates of body girth and length.

Continue collecting acoustic blubber data with amplitude mode ultrasound, and validate usmng
necropsy samples and controls (e.g. bowheads), :

Develop methods far dstarmining lipid compositi on of blubber from ultrasound date and characterize
lipid mobilization and deposition patterns.

Calibirate blubber measurements with regard o posinen on body.

Compare blubber thickness in BOF vs. non-BOF females, calving vs. non-calving females and
Northemn vs. Southerm Hemisphers right whakes.

Determine if incidence and type of sk in lesions are related to blubber thickness.
Dretermine if whales that are ship-s truck are thinner than other whales.

Analyze leptin expression in dermal biopsies and necropsy samples of blubber using
immunohistochemical, biochemical and molecular methods.
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Assess biopsy and tissue samples as indicators of lipid storss, for nutritional constituents and for
biomarkers indicating condition.
Analyze photos of calves to determine if growth rage s can be deduced from length and girth measurements.
Assess nead for dediested photogrammetnc program.
_ Review availuble data on calf prowth tates fromn southemn hemisphere right whales, bowheads.
i lactating females are necropsied, collect millﬁ: samples and dara on mAMMATY gland mass and anatomy.
Establish o comprehensive necropsy protocol,
_ Improve methods for necropsy to acquire mare dats on population health.
Improve tissue harvesting methods and archiving of tissues.
Develop capability and protoce] for sampling right wikale carcasses at Sca. ‘

Conduct pathologic assessment of fertility, collest reproductive acEs, A55ess genadal activity, and
perform gross and histopathological assessment of reproductive tracts.

_ Identify and characterize lesions, and their possible camses.
Collate all available pathology information in a central dambase.
Further review/examine existing necropsy reports.

—_—

PROBLEM: T NUMBER OF WHALES WITH SKIN L.
NEED:
To determine if different types of skin lesi ons affect individual reproductive success (HITH),
To determine if different types of skin lesions impair reproductve success (MODERATE).
To better assess the gross character, distribw tion and histopathology of skin lesions {LOW).

ACTION:

Analyze existing photo-identification catalogus dats fo ¢ skin lasions and reproductive history of individusal
females and males.

Dletermiae Lf oecurrencs of skin lagions correlates with females without calves,
_ Conduct & temporal and habitat preference an alysis of whales with gkin lesions.
Obtain biopsies of skin lesions to determine their couse.
Conduet histopathology and electron microscopy on all biopsies.
_ Conduct viral culture on cotacean cell lmes.

Conduct PCR for pox and herpes vineses using genetic primers.

Integrate the assessment of the distribution of skin lesions In ongeing studies measuring blubber thickness,
body length and girth.
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FFECTING REFRODUCTION.

NEED:

To determine if an assaciation exists between the cceeurence/prevalance of harmful algal blooms ( especially
saxitoxing) and annual right whale calf production (MODERATE TO HIGH).

To examine hiotoxins in zooplankton { €. finmarchicus and Cenmropages) (MODERATE).

To snalvze bio-toxing in tissues, finids and feces from North Atiantic right whales (MODERATE TO LOW).
ACTION:

Analyze available data (going back to the 1940s) on biotoxin events in the Bay of Fundy.
“Collect zooplankion samples in close proximity to feed ing right whales and analyze samples for biotoxing.

Analyze fresh material (e.g. blood) from smranded whal es and feces from free-swimming and dead whales for
presence biotoxins.

Investigate diagnosis of biotoxins using dried blood spot cards.
Develop baseline data on tissue and fluid samples from controls and measure background toxin levels.

PROBLEM: EXPOSURE TO CONTAMINANTS MAY BE AFFECTING REPRODUCTION.

NEED:

To review available information en the types and sources of conmminants in the areas where right whales feed
(HIGH).

To analyze dead whales (esp. ship strikes) fora wargeted list of chemicals (HIGH).

To assay right whale prey, sympairic species, and co -predators for chemicals of concern (based on the
preceding two items), possibly using historical samples (HIGH).

To design & biomarker approach based on exposars data {e.g. CYP1A, DNA adducts, retmoids, lepting,
triterpanes, steranes) (LOW TO MODERATE),

To extract contaminant mixtures from right whale tssues (and/or nght whale prey) for bioassays, im vitro
studies or gene expression assays (HIGH).

ACTION:

Perform literature review on sources and types of chemicals and pharmaceusicals occurring in right whale
habitats {including POPs and non-persistent chamieal 5} o develop 2 targeted list of chemicals that

may impact right whale reproduction (see Appendix §).
_ Review the chemical list from £'Shea & ol {1999,
Use a food-web-based approach to determine exposure.
Analyze samples of copepods, herring, sandlace, and co-predator species for chemicals of concerm.
Assess availability of historical samples for comparative analysis.
Analyze Essues from biopsies, stranded whales, a nd archived samples for chemicals of concem.
Relate concenmration of persistent chemical & in biopsies to concentrations in blubber,

Apply and develop suitable biomarkers of effects Lo determiing if there is a physiological response to the
chemicals of concemn (s.g. CYP P450, DNA adducts, retinoids, kepting).
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Re-analvze existing contaminant data (¢.z. Weisbrod et al. 2000, Westgale et al. unpublished data; Moore et
al. 2000, draft manuscript].

Compare teproductively successful vs, non-su ceessful whales and habis preferences.
Apply PAH toxic equivalency factors (TEQs) and dioxin TEQs to assess toxiciry in right whales,
Conduct further congener-based analysis of PCBs and ather \dioxin-like’ chemicals and caleulation of TEQs.

Compare levels of conmminants of concern in  calving and non-calving females (BOF vs non-BOF) aad
successful v, unsuccessful males.

Investizate the use of chemical ‘fingerprints’ to assess hahitat preference and reproductive hisory,
Extrapolate results to better-studied species (o asscss wxicity thresholds and potential risk.
Standardize sample collection protocols and inter-laboratory analysis techmiques.

Use a weight-oFevidence spproach to assess risk fro m toxic chemicals to northern right whale reproduction.

5. SUMMARY AND CONCLUSIONS IN THE CONTEXT OF THE OVERALL CONSERVATION
REQUIREMENTS OF NORTH ATLANTIC RIGHT WHALES

The most immediate conservation priorty for the North Atlantic right whale population is @ reduce anthropogenic
mortality to zere (see TWC, in press b Report of the Work shop on Smms and Trends of Western North Atlantic Right
Whales). However, the Workshop noted that, if calf pr oduction does not merease from the low levels observed during
19982000, even the complete removal of anthropogenic mortality may be insufficientts allow the population o recover.
It is therefore critical that the reagons for the reproduc tive dysfunciion of the population be established us soon as
possible. To this end, the Workshop recommended tl1at the research program proposed above be supported to the fullest
extent possible.

The Workshop concluded that genetics, nutrition, contemin ants, biotoxins and disease could each/all cause reproductive
dysfunction in North Atlantic right whales. It is Iikely that mo one factar is entirely responsible, and that twi ar more
factars could be interacting, possibly over different time seal es. For exumple, reduetion in genetic diversity might have

heen cansed 4 loss of population resiliance over several centu ries, while in recent decades, exposure bry right whales o

confaminants, biotoxins, and/or adverse gnvironmental conditions may have resulted in poor boady conditions and a
greater incidence of disease. Itis thercfore important that the proposed re search program be interactive and mulo-
disciplinary in nanare and have strong central coordination. As such, the Watkshop recommended (hat a steering
commmittes be aemblished t develop protocols, review resu Iis and progress, snd pravide nececessary revisions to the
rescarch program proposed in this report. The steering comrnittee should consist of researchers possessing expertisc in

the various topics of concern (e.g. contaminanits, pa thology, nutrition et cetera). The steering commaties has

respansibility for selecting an appropriate coardinator for the ressarch program, and this coordinator’s position should

be fully funded.

The Warkshop further recommended the development of 8 comprehensive database (coordinated tarough the North
Atlamic Right Whale Catalogue) linked for all whales across  all research programs. Such a database would allow for
prultivoriare analyses using data from photo-identification st pdies, health asssssmenits, genetic studies, pathology results,
congaminant levels and binmarker studies, biotoxi n levels, and blubber thickness/composition shadiss.

The Workshop noted that the North Atlantc Right Whale caml ogue (and its associated sighting history data base) has
provided most of the dat used in determining the satus of the right whale poplilation, The catalogue (and the sightings
database) are integral components of the proposed research program and will be essential for determining reproductive
performance in the futurs. The Workshop therelvre recommended that the photo-identification program be fully
supported on & continuing basis.

The Waorkshep agreed that the mu lti-disciplinary nature ofthe meeting and the interactive nature of the discussions had
been cxtremely valuable, and commended the steering group for their efforts in seming up the meeting.
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Appendix 2

Cause of Reproductive Failure in North Atla ntic Right Whales: New Avenues of Research
April 26-28, 2000
Haliday Inn, Falmouth, Massachusetts

PLENARY PRESENTATIONS
WEDNESDAY, APRIL 26TH

Welcome and Workshop Introduction
Michael Sissenwine

Phil Clapham

Roz Rolland

Waorkshop Organization and Rules
Peter Best, Waorkshap Chair

North Atlamtic Right Whaide History and Status - Scott Kraus
Discussion

Blubber Thickness in Atlaniic Right Whales, E. glac falis and E. auswalis: Rela tionskip o Age, Gender,
Reproducitve Condition and Location - Cerolyn Miller
Discussion

Break

A Review of Necropsy Data for Northwest A antic Right Whales (Eubalaena glacialis): 1970-1920 . Michael
Moore
Discussion

Cyvitachrome P450 1A in Dermal Endotheliz of Northern ond Southern Ha':gfu' Whaler, and Organic
Contaminanis in Right Whale Dermés and Gulf of Maine Zooplankton Prey - Michael Moore
Discussion

Skin Lesions in North Atlantic Right Whales: 1980- 1996 - Marilyn Manlt _
Histopathology of Skin Lesions in a North Avlantic Right Whale - Sylvain DeCuise
Discussion

Lumch

Risk of Emvironmenta! Contammant-Related Toxicity tn Northern Right Whales - Peter Ross
Discussion

Reproductive Fallure in North Adantic Right Whales: The Marine Biatacing Perspeetive - Greg Doucette
Digcugsion

Break

Infectious Disease av a Factar Affecting Reproducti on and Offspring Survival in the Northern Right Whale -
Ailsa Hall

Discussion

Reproductive Dysfunction in Wild Animals: What the Tissaes fefl Us - Linda Munson
Driscussion

General discuwssion
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WORKSHOP AGENDA
THURSDAY, APRIL 27 & FRIDAY, APRIL 2B

1. Inrodustory irems
1.1 Dbjectives of workshop
1.2 Adoption of agenda

2 Oiverview of reproductive biokogy and reproductive failure
" | General review of mammalian repr oduction and causes of reproducrive failure
- 2 Review of North Allantic right whale (NARW) reproduction, especially indicating where in the
cyche impairment or failure may be occurring and development of testable hypotheses.

3, Consideration of possible causes of failure

3.1 Genede factors (6. 088 of dive rsity, inbrecding, effective sex ralio)
1.1.1 Review of existing knowledge of effects of these factors on reproduction
3.1.2 Review of data on these factors in NARW

Presentation: Swnmary of Relevant Generic Data on Northern Right Fhales - Brad White

3.1 Evaluation of likelihood that genetic problems may be affecung NARW reproduction and
development of testable hypotheses.

3.2 Nutrition
12,1 Review of existing knowledge of effects of nutrition on reproduction
1.2.2 Review of data on nutrition in NARW
323 Evaluation of likellhood thar nuw itional problems may be affecing NARW
reproduction and development of testable hypotheses.

3.3 Chemical contarmnants
1,3.1 Review of existing knowledge of effects of contaminants on reproduction
3.3.2 Review of data on contaminant levels in NARW
3.1.3 Evaluation of likelihod that chemical cont aminants muy be affecting NARW repraduction and
development of testable hypotheses.

3.4 Biotoxins
3.3.4 Rewiew of existing knowledge of effects of biotoxins on reproduction
1.3.5 Review of data on biotoxin levels in NARW
% 1 & Bvaluation of likelihood that biotexing ma y be affacting NARW reproduction and development
of testable hypotheses,

3.5 Disease
3.5.1 Review of existing knowledge of effects of disease on reproducton
1.5.2 Review of data on disesse in NARW
3.5.3 Evaluation of likelihood that discase may be affecting NARW reproduction and developement
of testable hypothese.

3.6 Other potential factors (e.g. habitat disturbance/loss)

4, Design of research programume to test one or more of above hypotheses, based on relative likelihood of cccurrence
and feasibility of resesrch achieving stated objec fives, including discussion of appropriate “control”

population(s).
&, Summuary and conclusions in the context of the overall conservation requirements of NARW,

., Adoption of report.
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Appendix 4

PROPOSED BESEARCH PROGRAM TO ADDRESS DECLINING CALF PRODUCTION N
NORTH ATLANTIC RIGHT WHALES

Prepared {post-workshop) by Linds Munson, University of California, Davis

OVERVIEW: This tiersd approach to investigating the cause(s) of declining calf’ production begins by
aszaasing whether mule or female infertility (or both) is most likely. It then proposcs maore in-depth stdies
of males and fernales invelving comparisons of subpopulati ons of fertile and infertile animals. The focus of
these studies is reproductive failure, so worthwhile proj ects that focus on other important issucs that may be
affecting right whale survival {e.g. mutrition, health, toxin levels, ete) would be included only if they were
first shown to be associated with reproductive failure, More in-depth studies are outlined in the main report
uexl under agenda ibem 4.

HYPOTHESIS 1: FEMALES ARE INFERTILE . Smdies need to determine, first, whether the mcreased
calving intervals in the population are due to infertility of individuals, inferility of females in some
subpopulations (e.g. BOF vs non-BOF), or decreased fer tility in the population as o whole. This step is
necessary for the design and focus of subsequent studies,

Methiods:

ANALYZE EXISTING CATALOGUED DATA ON AN INDIVIDUAL BASIS TO DETERMINE
IF NON-CALVING FEMALES ARE CLUSTERED BY AGE (SUGGESTING A PROBLEM
WITH DEVELOPMENT) OR BY REGION OR TIME-PERIOD (SUGGESTING A

PROBLEM RELATED TO GENETICS, BIOTOXINS, CONTAMINANTS, DISEASE OR
NUTRITIONAL STRESS).

Increase direct-observation and photo-identification records to determine which animals are calving.
IF SOME FEMALES ARE FOUND TO BE INFERTILE, THEN!
SUB STUDY I: Investigate the reproductive st atus of infertile females.

Exp. 1! Determine If imfertile females are eyeling . This step is necessary to determine if pvarian eyclicity is
normal.

If females that had calves are no lomger cysling, (hem causes of ovaran quicscence, such as inadequate
nutrition, stress, toxing, or infecti ous discases, can be investipated.

If nulliparous females are not cycling, then ge netic causes could be added to the above list,

If fernales are cveling but not becoming pregnant, then male fertility, lnck of aceess to males, or ulerine discasc
should be investigated

hdfethods:

Dieterminie avarian activity by ovarian steraid analysis.

Validate blowhole exudate method so that encugh sequentia | samples to determine cyclicity can be scquired
even during periods of fasting (not feasible with fecal st croid unalysis). This validation also is necessary for
Experimenl 1.

Increase observations of whales in estrus/brecding activity.

37



Conduct complees gross and histopathologic analyses on g 11 ovaries and uteri available from carcasses tn AsSess
folliculogenesis, ovulation, and presence of any diseases, Compare findings between fertale and infertile
females, if possible.

Exp.2; Delermine if females are becoming pregnamt, but subseguently losing their calves (abortion or
nennatal deaths)

Methods:
Measure progesterone levels in feces or blowhole exudate during estimated mid-gestation, then fallow the same
females to determine calf production and survival,

INCREASE OBSERVATIONS ON THE CALVING GROUNLY.

SUB STUDY Il Determine il there are differences in health status betweea fertile and infertile females :
The design of these smidies i eontingent on there bei ng two identifiable populations of whales, 1) mtertile
animals and 2) fertile animals. *Ia fertility’ should be defined from what 1s known concerning fecundity [or
this spocics, combined with soms bevel of proof that the animals had the oppormunity Lo breed. These mwo
study populations would be compared for all subse quent nutritional and texicolopie studies. If wo
popitlations cannot be defined, it will hamper interpretation of significance of toxin levels, sess indicators,
and body condition.

Fxp.1: Determine if there is evidence of p oor health in infertile females

Methods:

Compare blubber thickness, blubber quality, or other body eondition indices botween fertile and infertile
animils, [f infertife females are in poorer condition, then conduet studies to determine ifl nutrition or
underiving disease iy the couse:

DETERMINE HABITAT PREFERENCES OF FEMALES WITH LOWER SCORES.

CONDUCT NUTRITIONAL ANALYS]S OF FOOD SOURCES TO ASSESS DIET QUALITY IN
HABITATS OF ANIMALS WITH HIGH AND LOW RODY CONDITION INDICES.

REVIEW PREY PATCH FORMATION, HISTORY OF SPATIAL/TEMPORAL DISTRIBUTION
AND ENVIRONMENTAL VARIABLES .

Determine character of skin lesions and compare prevalen ce of skin lesions berween fertile and inferiile femules,
If higher prevalence in infervile females, rhen:

Assess if lesions indicate & primary skin disease or ar & a secondary manifestation af eysremic disease or poor
nutritional sEns

AMNALYZE TEMPORAL TRENDS AND HABITA T PREFERENCES OF WHALES WITH SKIN
LESIONS.

Campare prevalence of other lesions (available from n ecropsy data) between fertile and infertile females,
Compare levels of cell stress indicators berween fertile and mfertife females.
Exp 2. Determine if infertile females have higher levels ol toxins than fertile females. THESE STUDIES

SHOULD FOCUS ON TOXIC CHEMICALS THAT ARE KNOWN TO IMPAIR
REFPRODUCTION OR GENERAL HEALTH IN OTHER SPECIES.
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Methods:
Re-analyze existing contarninant dats, eamparing fertile and infertile females and their habitat preferencds.

Analyze tissues, fluids and foces for biotoxins in fertile and infertile females. If levels are higher in inferiile
females, then;

Conduct in-depth studies on zooplankton sowrces and ternporal and spatial distribution,

Analyze tissues and fluids of fersile and inferle females for a targeted list of contaminanes. [/ levels are higher
in Inferiile females, then:

Use a “food-weh'-based approach to determine exposure,

Analyze biomarkers of toxic exposure {e.g. CyplA, DNA adducts, retinoids, leptins) and compare levels in
fertile and infertile females.

Exp 3. Determine if infertile females have higher levels of stress than fertile females. Cortisol
measurements would probably provide the most relisble indications of stress as cortisol affects
reproduction, It can suppress ovarian eyeling and is usually clevated with acute and chromic siress.

Methods:

Validate and messure cortisol metsbolites in blowhole exuda te or feces and compare levels berween fertile and
infertile animals.

SUR STUDY 1], Determine if there are genetic differences be tween fertile and infertile populations.
Because lack of genetic diversiry does not necessarily affect reproduction or health, this study #5 important
wy assess potential gemetic effects.

Exp. 1: Determine inbreeding coefficients for whal es with and withoul reproductive sucoes

Methods:

Pedigree analysis based on existing obser vational and molecular genetics dara

HYPOTHESIS 2: MALES ARE INFERTILE

Becausse of the compelitive masng stmtegy of this species, a single infertile male would not be expected 1o
affect calf production. Howewver, infertility in groups of males partitioned by region or social structure
could affect calf production. ‘Infertility’ implies that an animal had the opportunity to breed, so evidence of
contact with fernales would be important before consid ering a male infertile, These Arst anklyses would
determine if there is any cvidence of male infenility. The population could be divided into two groups, 1)

fertile males and 2) infertile males, for subsequent comparative studics.
Methods;

ESTABLISH PATERNITY OF CALVES BORN DURING CRITICALAND BASELINE PERIODS
TO ASSESS WHETHER THERE 1§ EVIDENCE OF REGIONAL (BOF V5. NON-BOF} OR
TEMPORAL MALE INFERTILITY,

Analyze existing catalogued dats on individuals to determine if breeding activity has been observed.

ANALYZE EXISTING CATALOGUED DATA ON AN INDIVIDUAL BASIS TO DETERMINE
IF INFERTILE MALES ARE CLUSTERED BY AGE (SUGGESTING A PROBLEM WITH
DEVELOPMENT) OR BY REGION OR TIME-PERIOD (SUGGESTING A FROBLEM
RELATED TO GENETICS, BIOTOXINS, CONTAMINANTS, DISEASE OR NUTRITIONAL STRESS.
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IF SOME MALES ARE FOUND T BE INFERTILE, THEN:
SUB 5TUDY |: Investigate the reproductive status af infertile males.
Exp. 1: Determine if infertile males have normal 1estosterone levels,

Methods:
Walidate fecal and blowhole exudate methods of measuring testosterone .

MEASURE TESTOSTERONE LEVELS IN FERTILE AND INFERTILE MALES AT DIFFERENT
TIMES OF THE YEAR (RE: POSSIBLE SEASONAL VARIATION).

Conduct complete pross and histopathologic analyses on all testes available from carcasies 10 assess
spermatogenesis and presence of diseases. Compare fi ndings between fertile and infertile males during the
same time of vear, il possible,

SUB 5TUDRY 1l. Determine if there are differences in health status between fertile and infertile males

Exp.l: Determine if there is evidence of poor health in infertile males

Methods:

Commpare blubber thickness, blubber quality or other body cond itian indices between fertile and infertile animals.

Cretermine habitat preferences of males with lower scores.

Conduct nutritional analysis of [ood sources to assess dier quality in hahitats of animals with high and low body
condition indices,

Review prey patch formation, history of spatia Vtemnporal distribution and environmental variables,

[etermine character of skin lesions and compare prevalen ce of skin lesions between fertile and infertile males, Jf
higher prevalence in infertile males, then:

Assess if lesions indicate a primary skin disease or ar ¢ a secondary manifestation of systemic disease or poar
nutritiomal slalas,

Analyze tempocil trendt and hakitat preferences of whales with skin lesions,
Compare prevalence of ather lesions (available from n ecropsy data) between fertile and infertile males.
Compore levels of cell soess indicators berween fertile and inferdle males.,

Exp 2. Determine if infertile males have higher levels of toxins than fertile males. These studies should
focuis on toxic chernicals that are kenown to impair reproduction or general health in other species.

Methads:
Re-analvze existing contaminant data comparing fertile and infertile males and their habitat preferences,

Analyze tssues, fluids and feces for biot oxins in fertile and infertile males. [ fevels are higher in infertile
males, then:

Condust in-depth studies on zooplankton sources and temporal and spatial distriburion.
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Anslyze tisswes and fluids of fertile and infe rtile males for a targeted list of contaminants, [f levels are higher in
infertile males, them:

Use a 'food-web -based approach to determune exposere
Analyze hiomarkers of toxic cxposure (2.2, Cypld, DNA adduets, retnoids, lepting) and compare levels in

femile and infertile males.

Exp 3. Determing If Infertile males have higher levels of stress than fertile males. Cortisal measuréments
would probably provide the most reliable indications of stress as cormsol affects reproduction. It can
suppress testicular function and is wsually elevated with acute and chronic stress.

Methods:

Validate and measure cortigal metabolites in hlawhale exuda te or feces and compare levels between fierile and
infertile animals.

SUR STUDY III. Determine if there are genctic differences be tween fertile and infertile populations.
Because lack of gemetic diversity does not necessarily affect reproduction or health, this study is important
10 asscss potential genctic effects.

Exp. |: Determine inbreeding coefficients for whal es with and without reproductive success

Methods:

Pedigree analysis based on existing obser vational and molecular genetics data,

HYPOTHESIS 3 : ARORTIONS AND NEONATAL DEATHS ARE OCCURRING.

If females are deiermined to be pregnant (Hypothesis 1, substudy I, Exp. 2). then the couve of abortion or
neonatal deaths should be investigated, There are multiple causes of aborion and neonatal death. The most
common causes ire it utero infections, poor nueritional condition, genetic defiects, stress, and problems at
calving. Detcrmining the cause in & given instancs requires complete necropsy with ancillary microbial and
genetic testing on aborted caives. As this is usually mot feasible, indirect measures will be needed tw
compare aborting and suceessfully calving fernales.

Exp. Determine if aborting females have evidence of poor health

Methods:

Compare blubber thickness, blubber quality, or other body condition indices betwesn calving and sborting
animals,

Assess blowhols sxudate [or feces?] for viruses that warger the forus.

Assess calf birth weights and growth rates as indi rect measures of matermal nutritional stamns.
Exp. Determine if aborting females have higher levels of toxins than ealving females.
Exp. Determine If aborting females have higher levels of stress than ealving females

Exp. Determine il there are genetic differemces at MHC loci between mothers and calves in calving
females (and B possible in sborting Temnales).
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Appendix 5

ASSESSMENT OF CURRENT REPRODUCTIVE DATA FOR THE
WESTERN NORTH ATLANTIC RIGHT WHALE

TR Frasier,* M.W. Brown,** 5.D. Kraus,*** and B. M. White*

+ Depariment of Biology, McMaster Universily, Homilton, Ontario, L85 4K{, Canada

wo Coier For Coastal Studies, PO Box 1036, Provincetown. Md 02657, USA
and East Coast Ecasystems, PO Bax 36, Freeport, Nova Scotia, B0V 180, Canava

==+ MNew England Aguarium, Centraf Wharf, Bostan, MA 02110, US4

Since 1980, the birth of a total of 221 right whale calves has been documenied in the western North Atlantic. Of
these, seven are kmown to have died and 54 were not phatographically identified (Table 1). An analysis of
sighting data shows that 57% of the ealves were br pught to the Bay of Fundy by their mothers (F undy calves,
Tablc 1) ind 43% were not taken te the Bay of Fundy (Non-Fundy calves, Table 1). The mothers of non-Fundy
calves use & yet unknown summering and nursery location (Malik et al, 1999). Since 1987, genetic analyses

have been used o assess population strucrure and reproduc don in the North Atlantic right whale. Eighty-five
mother-calf pairs have been sampled and gemeticslly amalyzed (Total genotyped, Table 2), These 85 pairs
comprise 32% of the wtal mother-call pairs for which the calf was photo-identified (Table 2y, Of the mather-
calf pairs that have been sampled, 60.0% of those seen n the Bay of Fundy have been sampled, and 32.5% of

those not scen in the Bay of Fundy have been sampled (Tab le 3). Genetic analyses of these samples, using both

mitochondrial DNA (miDNA) and nuclear DNA, have shown that there i signi ficant population substrucouring
berween calves that are brought to the Bay of Fundy and cal ves that are not brought 1o the Bay of Fundy in their
first vear by their mothers (Malik et al, 1993, Waldick 1999 . This substructuring 15 the result of gite fidelity to
a specific summer habitat area on the part of tight whale mothers. They bring their calves cither to the Bay of
Fundy (Fundy calves) or 1o an wnknown samimer are (Non-Fundy calves). Offspring tend to show the sime site
fidelity as their mothers. This pattermn of differential habitat use means that some hineages use the Bay of Fundy

' summer and others wse an unknown area.  Genetic studi es show that there it alsn a degree of reproducuve

ssolation between thase two groups, suggesting that they © ould be using different meating areas and that they are
therefore more distine than previously thought (Waldick 1993).

The population substmucmuring deseribed above i of iner sasing interest when considering reproduction over the
pist three yesrs, during which time no mothers from the Fundy subgroup have produced offspring (Table 1, phus
data from the calving season of 2000; Phil FHamilton, pers. gormm.). This skew in reproductive performancs
could indicate that there are recent and crucial differences in other aspects of the two subgroups, such 25 habitat
quality and momalily due to enthropogenic fuctors. Such differences berween subpepwlatons within the North
Atlantic right whale population should be of primary cons ideration in all fumure smdies of this populaton as
conservation efforts are often futile when population structure is not taken inte account (Tavlar and Dizon
1999},
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Tahle 1: Numbers of right whale calves phatographed from Fundy and non-Fundy population. S=calves which
did not die in the calving ground. *Calves for which photos are inadequate to permit individual identi ficarion.

Year Calves born  Calves alive$  Fundy calyes  Non-Fundy  Unkmown calves*

1980 5 5 3 2 3
1831 B ) 7 | 0
1982 12 1l 6 5 2
1983 2 g 4 5 2
| 984 12 12 11 | 1
1985 11 1 5 ] 3
1986 13 13 & 7 2
1987 11 i1 T L) 0
1988 g [ 4 ol [ 0
1980 19 16 11 5 |
1990 12 12 ; 9 3 2
1951 17 17 g E 3
1992 12 12 4 8 4
1993 B (3 4 2 1
1994 B 8 3 5 3
1945 7 7 3 a l
L 94 : 21 21 14 7 7
1997 19 19 1 8 7
1998 5 5 0 L 3
1995 4 4 0 4 4
Total 221 214 121 93 54
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Table 2; Genoryped mother-calf pairs from Fundy and non-Fundy populations

Year Possible Pairs® Total Genotyped Fundy  Non-Fundy
1980 2 LI 0 0
L2581 B 3 3 0
1952 9 4 L 2
15383 7 2 2 0
1984 il b b 0
1985 B ¢ 1 0
1536 1} 3 3 2
1587 11 6 3 1
1988 7 3 3 0
1989 15 il 9 2
1990 10 4 4 0
1991 12 & B a
1992 B 7 4 3
1993 5 3 3 0
1994 5 2 1 |
1985 3 2 2 0
1936 14 g 9 0
1997 12 7 T 0
1998 2 2 0 2
1999 0 0 1 f

Tanal k60 86 72 13
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Table 3: Percentage of gemotyped cow-calf pairs from Fundy and non-Fundy population

Year Identified Genotyped %-Fundy Idemtified Genotyped %e-Mon-

Fundy Fundy Mon=Fundy Non-Fundy  Fundy
19840 2 L} MiA a 0 WA
1981 1 1 418571 1 ] NA
1982 b 2 33.3333 3 2 G6.66667
1983 4 2 30 3 0 NFA
|54 11 6 545455 0 0 MIA
1985 5 ! 20 3 0 N
1986 ] 3 50 3 2 40
1987 7 5 714286 4 1 23
1988 4 3 75 3 0 N/A
1930 11 o BlLEIS2 4 1 50
1990 9 4 4444494 1 0 WA
1991 9 8 BE.BERY 3 0 . NA
1992 4 4 100 4 3 75
1993 4 3 75 1 0 MNiA
1924 3 1 333333 2 1 0
1995 3 3 666667 0 0 NiA
1936 L4 3 64,2857 0 0 M/A
1997 1 T 63.6364 I 0 1A
1998 a 0 WA Z 2 1M
1999 ( (b N/A 0 0 NIA
Tutal 120 T2 60 40 13 31>

45



Appendlx 6

EXAMPLES OF CONTAMTNANTS OF POSSIBLE CONCERN WITH REGARD TO
MNORTH ATLANTIC RIGHT WHALES.

{See O"Shea of al. (1999) and Reijnders et al. (2000) for nwre detailed lists and dizcussion).

Chemiral Class
TRADITIONAL'

Persistent arganic pollumants

Non-bicaccurnulative pellutants
WON-TRADITIONAL"

Flame retardants

Plasticizers

Surfactanis

Mewscra pesticides and herbicides

Municipal and industnal effluents

Anti-fouling agents

Dhelestrie flnids

Adquaculrure-related chemicals

Metals

Fadionuclides
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Mare specilic compounds or examples

PCBs, PCDDs, PCDFs

DOT family

Chlordanes {including Toxaphene)
HCH

Cither pesticides

PAHs

PBDE: (polybrominated diphenyl ethers) and other
brominated flame retardants

Phihalate esters

Allyiphenol ethoxylates {e.g. WPED —
nonylphenoletoxylates)

Endoeri ne disrupting compounds {e.g. synthetic
estropens, natral hormones, pulp byproducts)

Organotins (e.z. TBT - tributyltin) and replacement
compounds

PCB replacements (e.g. PCNs — polychlorinited
naphthalenes; PEBs - polybromnated biphenyls)

Amntihioties
Pesticides

Methyl mercery (MeHg)





